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ORDINARY MEETING. 


7 May 1940. 


IR CLEMENT DANIEL MAGGS HINDLEY, K.C.1.E., M.A., President, 
; in the Chair. 


_ It was resolved—That Messrs. F. H. Brunt, Robert Chalmers, D. C. 
‘arquharson, A. 8. Grunspan, R. W. Mountain, H. C. Ritchie, P. J. H. 
Jnna, and J. 8. Wilson be appointed to act as Scrutineers, in accordance 
vith the By-laws, of the ballot for the election of the Council for the year 
940-41. 


| The Scrutineers reported that the following had been duly elected as— 


Members. 


fucH Eyre CAMPBELL BEAVER. 


REDERICK JOHN STRAFFORD Best, 
Stud. Inst. C.E. 

'roMas MarsHaLL CARTLEDGE, B.Sc. 
(Eng.) (Lond.), Ph.D. (Eng.) (Lond.), 
Stud. Inst. C.E. 

AROLD SAMUEL CARTMELL, Stud. Inst. 
aE, - 
opERT Francis Doveuas, B.Eng. 
(Liverpool), Stud. Inst. C.E. 

gsLIE NorMAN Fraser, M.Eng. (Liver- 
pool), Stud. Inst. C.E. 

Avip ArTHUR Hopxtns, B.Sc. (Eng.) 
| (Lond.), Stud. Inst. C.E. 

avin Moncrizrr Rep JOHNSTONE, 
| B.Sc. (Edin.), Stud. Inst. C.E. 


JOHN LUCIAN SAVAGE. 


Associate Members. 


Royston Jones, M.Sc. Tech. (Manches- 
ter), Stud. Inst. C.E. 

Joun Witi14M Key, B.Sc. (Eng.) (Lond.), 
Stud. Inst. C.E. 

DanieL Lampert, B.Se.(Eng.) (Lond.), 
Stud. Inst. C.E. 

Lincotn Harry Martin, Stud. Inst. C.E. 

Joun Batrour Ross, B.Sc. (Hdin.), 
Stud. Inst. C.K. 

Sranton JAMES DINGLE RUSSELL. 

Tan Hoge Stewart, Stud. Inst. C.E. 

Epgar Burke Witson, B.Sc. (Belfast), 
Stud. Inst. C.E. 

Wituram Artuur Wootton, Stud. Inst. 
C.E. 


The following Paper was submitted for discussion, and, on the motion of 
he President, the thanks of The Institution were accorded to the Author. 
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Paper No. 5233. 


“ Oliff-Stabilization Works in London Clay.” 
By Jack Duvivier, B.Sc. (Eng.), M. Inst. C.E. 
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INTRODUCTION. 


Tue cliffs referred to in this Paper lie to the east of Herne Bay on th 
north coast of Kent. Their maximum height is approximately 100 fee 
above beach-level, and they slope towards the foreshore at slopes ranging 


They consist of London Clay, capped in places with shallow depos t 
of sand and gravel. The clay is brown or blue or mottled in appearanee 
and of a homogeneous texture, affording no indication of stratificati 
with the exception of layers of septaria, or cement stones, : 

The total thickness of the clay deposit in the area is about 160 feet 


Fig. 1. 
¥ a — | 
EAST. ¥* Oldhaven ba WES’ 
Reculver Se Le Herne Bay, 


Post tertiary: == Gravel and sand. 


Lower tertiaries: ¢ 3 London clay. 
: 7 2’ Oldhaven beds 
t 2 Woolwich beds. 

21 Thanet beds. 


It overlies the Oldhaven beds (20 feet thick), the Woolwich beds (25 fee 
thick), and Thanet sand. The prevailing dip is in a westerly direction 
A longitudinal section from Reculver to Herne Bay is shown in Fig. 


io. 
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' The cliffs have a characteristic tumbled appearance due to recurrent 
lipping. This slipping is not continuous from end to end, but takes the 
orm of mud runs down the centres of valleys between relatively stable 
houlders which project at intervals from the face of the cliff. This is 
learly shown in Fig. 2, which is an aerial photograph of the cliffs taken 
bout 5 years before the stabilization works referred to in this Paper 
vere commenced. 

During the summer and early autumn the cliffs remain comparatively 
1ard and stable, but during the winter and early spring, particularly after 
yeavy or protracted rainfall, masses of clay and overburden break away 
rom the steep slopes at the top, disintegrating into pools of mud and slurry 
is they near the flatter slopes at the base of the cliff. The slurry surges 
yver the retaining walls and breastwork on to the beach, whence it 1s 
washed away by the tide. At certain points where the disturbance is 
9articularly deep-seated, as in the case of a persistent slide below Queen’s 
wvenue, all attempts to retain the toe of the cliff by means of a timber- 
biled breastwork have persistently failed. 
Tn 1931 a scheme was carried out in connexion with the relief of un- 
inne ws which took the form of constructing reinforced-concrete 
vp 


etaining walls embodying an under-cliff walk extending over a length of 
proximately 1,000 feet. Included in the design for the retaining walls 
vere a number of reinforced-concrete bathing cabins, whilst substantial 
asonry pavilions and a café were also constructed on one of the lower 
erraces. The breastwork was strengthened by backing it with a con- 
sinuous curtain wall of reinforced concrete, and the promenade was also 
surfaced with the same material. 
In November 1935, a start was made with the construction of further 
engths of retaining wall and bathing cabins but, after about 1 month’s 
york, continuous and heavy rain was experienced and it was found neces- 
ry to suspend operations. The wet weather persisted and serious and 
xtensive slipping began to take place. The upper retaining wall west of 
he shelter (A to B, Fig. 3, Plate 1) moved forward and partly overturned. 
[he concrete decking between this retaining wall and the front row of 
athing cabins, acting as a strut, transferred this movement to the roofs 
of the lower tier of cabins, which were partly overturned and badly damaged 
Fig, 4, Plate 2). The promenade decking behind the sea wall burst up- 
wards, and the disturbance extended to the foreshore, where an upheaval 
of blue clay occurred. The reinforced-concrete work which had just been 
commenced was damaged beyond repair, and an agreement was subse- 
Bently entered into between the Council and the Contractor for the can- 
cellation of the contract. 
_ Extensive movement also took place farther east in the vicinity of the 
other shelter (C to D, Fig. 3, Plate 1). The disturbance here, however, 


was not so deep-seated as in the area previously referred to and was 
nfined to a layer of material not more than 10 feet deep, which spewed 


‘a report. One of the conditions laid down by the Council was that the» 


oF | 
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over the top of the retaining wall and accumulated in a heap on the lawns 
and paths below (Fig. 4). 4 

It was apparent that, unless prompt and effective measures were taken 1 
to check further movement, the stability of the whole of the lower t 
promenade and adjacent structures would be endangered. ; In March 1 
1936, the Council approached the Author’s firm for an investigation and | 


report should deal with the area in sections which could be undertaken 4 
the Council, independently of one another, but as part of a complet Q 
programme extending over a period of years. 


PRELIMINARY INVESTIGATIONS. 


From a preliminary inspection of the cliffs it was apparent that the: 
saturation of the clay resulted not only from the infiltration and absorption | 
of rainwater falling directly on the face of the cliff, but also, to a ie | 
extent, from the percolation of underground water from the gravel and 
sand beds overlying the clay at various points along the top. The bulk off 
the cliff-face consisted of bare clay and mud, and whilst, in places, there 
was a sparse covering of weeds and coarse grass, this was insufficient . 
bind the surface together. During the summer months the cliff-face e 
became riddled with cracks owing to the drying out and shrinkage of the: 
surface clay. The cracking was further accentuated by surface movem 
resulting in the formation of fissures from 2 to 3 inches wide, extending: 
down to depths of 6 feet or more below the surface, thereby enabling surface: 
water to gain ready access to, and to saturate, the underlying clay. | 

Movement on an extensive scale usually accompanied the first heavy; 
rainfall in late September and October. Masses of clay sheared away from: 
the tops of the steeper slopes on clearly-defined planes, disintegrating into: 
slurry as they neared the foot of the cliff. In the case of the worst slides, 
the degree of saturation of the material, by the time it had reached the: 
lower retaining wall, was such that it was incapable of standing to a slope 
and continued to flow over the wall in a steady stream throughout thet 
winter months, , | 

Infiltration and absorption of water being the primary causes of the: 
trouble, it followed that any effective méthod of intercepting some of this; 
water, and leading it away harmlessly through defined channels, was | 


to effect an improvement, if not a cure. 


BOREHOLES. 


having obtained as accurate a survey as possible of the extent and deptl 
of the water-bearing sand and gravel deposits at the top of the cliffs, 


CLIFF PRIOR TO THE COMMENCEMENT OF STABILIZATION WORKS. 


Fig. 5. 
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well as an indication of the depths of unstable material on the axes of the 
principal landslides, and particulars of the underlying strata. 
: A contract was accordingly let for sinking fifty-two boreholes ranging 
from 10 to 80 feet deep. The positions of some of these boreholes are 
“shown in Fig. 3, Plate 1. They were drilled in such an arrangement as to 
provide a continuous longitudinal record of the surface strata overlying 
the clay at the top of the cliff, and cross-sections of the cliff from top to 
bottom at various points. 

Of a total of twenty-five boreholes sunk through the lawns at the top 
of the cliff, extending over a length of a little more than 1 mile, only eleven 
showed the presence of gravel and sand overlying the clay and, of these, 
only five showed seepage of water. This narrowed down the areas on 
‘which underground seepage towards the cliff-face was proved to exist to a 
Tength of 350 feet in the vicinity of Queen’s avenue, and 500 feet in the 
Vicinity of Hill Top road. The latter area was directly above the bathing 
‘cabins where the worst damage had occurred during the previous winter, 
whilst the Queen’s avenue area had also been, in the past, the site of an 
extensive and deep-seated upheaval. 

From the records of these boreholes it followed, therefore, that the direct 
eepage of water from the gravel-beds was responsible for only a small 
“percentage of the slides. Where gravel and sand were not found the holes 
isclosed brown clay overlying blue clay, and the cores extracted from 
hese holes showed this clay to be dense and unstratified. 

Thirty holes were sunk through the face of the cliff and, although no 
underground water was tapped by any of them, except in the case of the 
deep holes at the foot of the cliff which were driven through to the under- 
Tying Oldhaven beds, swelling of the clay caused several of the holes to 
contract badly. There was every indication of a very moist condition of 
‘the clay down to considerable depths below the surface. . Borehole No. 4, 

for instance, swelled at 18 feet below the surface, and borehole No. 12.W 
7 welled between 22 and 30 feet down. 

_ As was expected, apart from a layer of top deposit, consisting of 
Mistrial which had been carried downhill by landslides, the underlying 
sa consisted wholly of clay down to the depths explored by the 
allow 30-foot holes. 

ee The depth of the slides varied considerably. On the line of boreholes 
a 10 to 13, the depth near the top of the cliff was 3 feet, consisting of 
oil, mud, and brown clay with pebbles. Borehole No. 13, at the foot of 
e cliff on the same section, revealed soft dirty clay down to a depth of 
feet, overlying dark brown clay which gave a hard core. The thicknesses 
: of these slides, as revealed by the boreholes, were subsequently proved 
when the ground was opened up for the construction of the drains. 

A section on the line of boreholes Nos. 3 to 7, where the worst damage. 
scurred and where the trouble appeared to be most deep-seated, is shown. 
| Fig. 4, Plate 2. The sandy bed below the lawns at the top of the cliff 
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was found to be 9 feet thick, and water was struck 9 feet down at the ju 
tion of the sand with the clay. J 

Borehole No. 7 at the foot of the cliff was drilled down to the Oldhaver 
beds, which were thus proved to be 70 feet below the surface. No seepage 
was encountered in sinking this hole until the Oldhaven beds were entered: 
At that point water was struck which subsequently rose in the ae 
within 27 feet 6 inches of ground-surface level (approximately half-tide 
level) where it remained stationary. An analysis of this water showed that 
it had no saline taste, and on evaporation left practically no residue 0: 
salt or chalk. The water was comparatively soft, being much softer t 
the town supply. 

Further boreholes were sunk through the tops of the projecti 
shoulders, which form so conspicuous a feature of the cliffs in this area 
in order to determine whether there existed any physical difference in the 
characteristics of the material of which they were composed which woulc 
account for their marked stability compared with the remainder of t 
cliffs. 

One of the holes showed brown shaly clay with pockets of sand anc 
claystones to a depth of 7 feet, and, underneath this, dark brown cla; 
(slightly moist) for a further 15 feet to the bottom of the borehole. Anothe: 
hole showed 12 inches of topsoil overlying mottled clay and brown cl; 
down to the depth explored, namely 28 feet 6 inches. The clay was mo 
down to 9 feet. From 15 feet downwards the hole showed a tendency 
swell which increased with the depths, but the clay was particularly toug 
and the hole was sunk without water, except for the purpose of taking cores. 

Reference has been made to the Queen’s avenue area, where condition 
during recent years have been particularly bad. A section through bore 
holes Nos, 24.8 to 20 in this area shows that water was struck in the grave 
beds at the top of the cliff at a depth of 5 feet below ground-level. 

Near the foot of the cliff the records from borehole No. 21.8 indicat 
that the ground has been subject to a major disturbance down to a dept 
of 40 feet below the surface. Water was struck 38 feet down in a bed © 
dirty brown sand. The borehole entered the Oldhaven beds 65 feet dows 
at which level water was again struck which rose and remained stationar 
at a depth of 38 feet below ground-level ; this was exactly the same ley 
as in the case of the deep borehole No.7 about 2,000 feet farther wes 
Between borehole No. 21.8 and the breastwork a pronounced ridge exis 
which projects to a height of nearly 15 feet above the surrounding surfae 
and appears to be the result of a great upheaval, the trough left by th 
upheaval_having subsequently been filled by detritus brought down b 
further landslides from above. 
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CONCLUSIONS FROM THE BorEHOLE Tests. 


fs _ Theconclusions arrived at from the borings, and the proposals embodied 
in the Engineers’ report to the Council in October 1936, were as follows :— 


(1) Boreholes along the top of the cliffs. 7 


a As previously stated, the presence of sand and gravel beds containing 
water was discovered to be confined to two areas, shown hatched in Fig. 
3, Plate 1. Percolation of water from these deposits through the face of 
the cliff contributed towards the saturation of the ground, and it was 
realized that an improvement would be effected in these areas if steps 
were taken to intercept this underground water before it reached the cliff- 
face. 

__ The recommendation therefore included a proposal to construct a pipe 
and rubble drain along the top of the cliff at a safe distance landward 
from the edge and to depths which would be determined by reference to the 
boreholes. The drain was to be laid to fall towards three junction-chambers, 
from which water would be conveyed down the face.of the cliffs by lines of 
pipes. 

_ It was realized that there were possibly other underground water- 
courses draining towards the cliff whose existence had not been detected 
by the boreholes. For this reason borehole No. 32 was sunk immediately 
behind an observed seepage through the cliff face, but no water was tapped. 
A continuous drain would act as a barrier, intercepting all these under- 
ground watercourses, and leading the water away to the outfalls. 


of which were located on the axes of the more serious landslides, indicated 
that, in general, the thickness of the slides increased from a depth of 2 or 3 
t at the cliff top to 10 to 15 feet at the foot, and that the underlying 
material consisted of a fairly homogeneous undisturbed clay with a varying 
isture-content. In the case of the Queen’s avenue area the possibility 
f moisture having been absorbed by capillary attraction from below was 
not overlooked, but in the case of the cliffs behind the retaining walls, owing 
to the dip, the underlying water-bearing sands were situated at such depths 
that it was considered unlikely that the stability of the overlying clay 
would be adversely affected by them. 
The boreholes sunk through the projecting shoulders showed that they 
d not differ internally from the structure of the London Clay elsewhere 
the-area. Denudation of clay cliffs at other parts of the English 
ast has been found to proceed on similar lines, as for instance, at the 
ren, Folkestone. Apart from a dry outer crust of hard shaly clay, the 
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shoulders consist of dense brown clay containing an average quantity 
moisture. 

The effect of these shoulders was to divide the cliff into a series of na 
drainage-areas, each of which contained one or more separate 
distinct slides, increasing in depth from top to bottom. The depths of 
slides also varied laterally from zero, at the sides of the shoulders, t 
maximum on the axes of the slides. In many cases, and particularly a 
heavy rain, clearly-defined planes developed along the sides of the shoulder: 
along which sliding occurred. These planes of sliding, together with e: 
tensive transverse cracks which formed in the surface of the slides, partl; 
as a result of the continuous movement and partly as a result of shrinkag. 
when drying out, provided the means whereby water gained access to th 
underlying clay, thereby helping to destroy its cohesion. . 

To achieve a solution of the problem, it appeared to be necessary :— 


- 


: 


yé 


(1) To construct a series of deep primary drains from top to bot 
of the cliff, located centrally along the axes of the worst slides and ca 
down into stable material below the base of the moving mass. 

(2) To construct “ herring-bone ” laterals at close spacing, feeding th 
primary drains and bottomed up in stable material, which, apart fr¢ 
draining the intervening spaces, would also have the effect of dividin 
the cliff-face into small areas and breaking up the continuity of th 
slides. . 

(3) To construct interceptor drains, located along the lines of the plane 
of sliding previously referred to, which would serve the purpose of inte 
cepting, at surface-level, water draining off the steep slopes of the pr 
jecting shoulders after heavy rain. 

(4) To construct a deep longitudinal drain at the foot of the cliff behin 
the retaining walls to receive the discharge from the primaries and conve 
it to outfall chambers, and thence, by means of outlet pipes under the retai 
ing walls, to the foreshore. 

(5) To dress down the projecting shoulders and all excessively stee 
slopes to flatter gradients capable of being permanently stabilized b 
means of drains. ; 

(6) To fill all large cracks with properly consolidated material, to ley 
out inequalities in the surface, to fill hollows or depressions in which wat 
might tend to accumulate, and to grade the surface of the ground towar 
the drains. 

; (7) To spread top soil over the entire area, to fork it over, and to seed 
with selected grasses and weeds. 


_ (8) To reconstruct the damaged upper promenade along the top of #l 
cliff in the form of a piled timber staging. 


After due consideration, the Council decided to apply for loan sancti 
to the expenditure of a sum of £31,000 to cover the cost of the up 


- DUVIVIER ON CLIFF-STABILIZATION WORKS IN LONDON CLAY. 419 


longitudinal drain and the drainage of the whole of the cliff-face west of 
Sea View road, that is to say, a length of 1,700 feet. In June 1937, the 
engineers were instructed to proceed with the preparation of plans and 


‘specifications so that tenders could be called for by the beginning of July. 
P 


THe WorKS. 


_ The upper longitudinal drain (Fig. 3, Plate 1) was constructed at a 
‘miunimum distance of 40 feet from the edge of the cliff, the total length from 
the east to west outfalls being 3,900 feet. The excavation was of a uni- 
form width of 3 feet, and varied in depth from 5 to 12 feet. The drain was 
‘designed with a minimum gradient of 1 in 120, the invert being located at 
‘such a depth as to be at no point less than 18 inches below the top of the 
‘solid clay underlying the sand and gravel deposits. It is divided into 
lengths of approximately 270 feet by inspection-pits, 4 feet 6 inches in 
internal diameter, fitted with ladders and covers, each pit containing a 
“sump 12 inches deep to serve as a silt trap. 

_ The drain itself consists of a single row of 12-inch diameter porous 
‘concrete pipes with non-porous inverts which were laid with open joints 
‘in a narrow channel excavated along the bottom of the trench ; they were 
then covered with brick hardcore to within 12 inches of the surface. At 
this level the hardcore was consolidated by tamping to a compact sur- 
face and’ was covered with a 3-inch filter-layer of clinker. Soil was then 
back-filled approximately to surface-level and the turf was replaced and 
tolled. 

2 _ At the commencement of the work a layer of clinker was deposited 
around the pipes to a depth of 6 inches above the top, but this was dis- 
,ontinued owing to the difficulty experienced in obtaining consignments of 
dust-free clinker. 

The area of the watershed which drains towards the cliffs is compara- 
ively small. At its widest point, opposite Sea View road, it does not 
.xtend more than 1,800 feet back from the cliff. 

4 Beyond this the land falls away towards a small stream which drains 
eastward in the direction of Reculver. The total area of watershed lying 
to landward of the upper longitudinal drain, between its highest point at 
rlington drive and its outfall at Sea View road, is only 50 acres. A 
mparatively small portion of this land is built upon, but over the greater 
rt rain is free to percolate into the sub-soil. A drainage coefficient of 
1 inch in 24 hours applied to the area under consideration, making an 
owance for roads and buildings drained directly to the Council’s sewers, 
es a run-off of approximately 2 cusecs, which is well within the capacity 
the drain. ; 
Considerable difficulty was experienced in keeping the porous pipes 
an while the work was being carried out during the winter months. Un- — 
they were carefully watched, workmen with muddy boots would walk 


depth of 2 feet below ground-surface level.. The pipe-line was secured at it 


along the tops of the pipes, forcing clay into the pores. The trouble 
eventually overcome by covering the pipes with straw matting as sot 
as they were laid, and by placing planks along the top to serve as 
gangways. 

The excavation of the trenches throughout the greater portion of the 
drain was carried out by mechanical excavator. Where the trench was 
driven through clay the sides stood up satisfactorily, and timbering wai 
subsequently inserted without difficulty. Considerable trouble, however: 
was experienced when driving the trench through the sand and gravel beds, 
as the sides would cave in before timbering could be fixed; here it wai 
found necessary to continue the work by hand. ‘| 

After completing a length of drain between inspection-pits, a rt 


channel was excavated by hand along the bottom to receive the pipes, the 
material taken from the channel being tamped against the lower portior 
of the pipes and finished with a fall towards the pipes from both sides of 
the trench. . 
Three outfall pipe-lines were provided from the upper longitudinal 
drain to the foreshore. The central and western outfalls were laid on a 
part of the cliffs which was subsequently stabilized by draining and gave 
no trouble. | 
The cliff below the easternmost outfall, however, lay outside the are: 
which was to be treated under the contract, and it was realized that 
extensive movements in the cliff-face were to be expected on the line of thi: 
outfall. In order to allow the pipes to adjust themselves to the changin 
contours of the cliff, 6-inch-diameter steel tubes were used with “ Victaulie’ 
joints. The pipes were laid ona bed of hardcore carried down to a minimun 


upper end to a substantial concrete anchorage and the lower end of th 
line was threaded loosely through a hole in a concrete anchor-block ane 
secured by hardwood wedges driven in from the back. Setting-piece 
were inserted at changes of gradient to give greater flexibility. 

During the winter following the completion of the works further ex 
tensive landslides occurred on the site of this outfall, and the upper length 
of pipe became buried under several tons of slurry. The extent of th 
movement may be gauged from the fact that the lower portion of the lir 
was drawn out of the bottom anchorage and dragged uphill for a tot 
distance of 12 feet. In spite of this, however, the outfall continues 
function efficiently. 


DRAINS IN THE Face oF THE CLIFF. 


The subdivision of the cliff drainage system into primary, lateral, ar 
interceptor drains, together with a lower longitudinal drain along the ba 
of the retaining walls, has already been referred to. A typical layout of 
section of the work as executed near the eastern end of the site is shown i 
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Fig. 3, Plate 1. The primary drains, generally, were constructed to even 
gradients between inspection-pits which divided each drain into three or 
four lengths. 

_ The drains were 5 feet deep at the top of the cliff and it was rarely 
found necessary to exceed a depth of 10 feet at the bottom. They were 
constructed to a uniform width of 4 feet, and a single row of 9-inch diameter 
earthenware seconds pipes was laid, with open joints, along a narrow 
channel excavated along the invert, the bottom of the trench being dished 
) provide a proper fall from the sides towards the centre. The trenches 
were filled with brick rubble to within 2 feet of the ground surface, at which 
level the hardcore was tamped and covered with a clinker seal 6 inches 
\ 


9” dia. earthenware 
seconds, laid 
with open joints, 


Scale: 1 inch = 4 feet. 
Inches 12 6 0 1 73 3 4 5-feet, 


thick (see Fig. 6). The drain was then filled with a further layer of rubble 
surface-level, the surface being knocked over with a hammer and 
ed. AE een 

The  herring-bone ”’ lateral drains were constructed 3 feet wide and not 
than 4 feet deep, and were filled with rubble to ground-surface level. 
average distance apart of these drains ranged from 15 to 25 feet, 
ending upon the slope of the ground. The interceptor drains excavated 
ng the edges of the slides were made 3 feet wide and 3 feet deep. 

At the lower ends of the primaries, where solid clay was, in places, 
ain by a considerable thickness of soft unstable material, the laterals. 
made deeper, so as to bottom up in stable material. Wherever the 


ae. 
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depth of lateral exceeded 5 feet, 6-inch pipes with open joints were 1 
along the inverts. 
The lower longitudinal drain, constructed a few feet back from, anc 
parallel with, the reinforced-concrete retaining wall, was made 4 feet wic 
and varied in depth from 10 to 14 feet, depending upon the depth of th 
drift and the varying ground-surface level. q 
12-inch diameter porous pipes with concrete inverts were laid alon 


Fig. 7. 
Pre-cast 


reinforced- 
concrete cover. 


mild-steel 
| | ladder 


reinforced- 
concrete 


1)” galvanized 
tie rods - 


Scale: 1 inch = 4 feet. { 
1 2 ‘I 4 5 feet 


Inches 12 6 0 
the trench at a minimum gradient of 1 in 120, and inspection-pits wei 
constructed at its intersection with each primary drain. The inspectiol } 
pits were built up of 4-foot 6-inch (internal diameter) reinforced-concrete 
tubes with ogee joints, fitted with pre-cast reinforced-concrete covers and 
secured to the foundation concrete by means of long 1}-inch diamete! 
galvanized tie-rods (Fig. 7). The purpose of the tie-rods was to alloy 
the inspection-pits to take up a certain amount of tilt without fracturi 16 
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i the event of further movement occurring in the face of the cliff after 
on: 

_ Holes for the drain-pipes were broken through the walls of the pits, and 
reep- -holes were also drilled through the walls, under the drain inlets, to 
llow for the filtration of any water percolating along the outside of the 
ipes. Concrete collars were constructed around the drain-pipes where 
hey passed through the walls of the inspection-pits, in order to prevent any 
oy on the part of the pipe-lines to move downhill. 

Some difficulty was at first experienced in reconciling the Council’s 
fro to obviate any inconvenience to the visiting public at the height 
f the season with the Contractors’ desire to take full advantage of 
avourable weather conditions for prosecuting the work with the utmost 
igour. 

_ Fortunately the Council took a sympathetic and broad-minded view of 

he Contractors’ difficulties and allowed the work to proceed without 
aterference throughout the season. 
_ The excavation of the cliff drainage-system was carried out by hand, 
he material being thrown into shoots which were kept lubricated by means 
f a steady stream of water. At the bottom of the cliff the material was 
fischarged into Decauville trucks and run todump. Fora time, during the 
vinter months, much of the excavated material was dumped into the sea, 
ut it was found that in calm weather it tended to solidify, and for this 
nd other reasons such a method of disposal was stopped. 

_ The principal disadvantage of shoots, as a means of conveying ex- 
Broted material from the trenches to the trucks at the foot of the cliff, 
8 the dirt and slurry which always accumulated on the roof of the bathing 
abins when excavation was in progress. In addition, there wasa tendency 
or lumps of material to fly off the shoots at sudden changes in gradient, 
nd clog drains which had been previously filled with rubble. This trouble 
8 eventually overcome by covering drains under the shoots with hessian 
tarpaulins. On the other hand, the flexibility of a system which allows 
xcavated material to be disposed of from almost any portion of the cliff, 
vithout double handling, has much to commend it from a contractor’s 
nt of view. 

The top soil from the drains was not dumped on to the shoots, but was 

ped in heaps alongside the drains and subsequently spread over the 

und to provide a suitable surface for seeding. 

Excavation in the face of the cliffs was commenced at the eastern end 
f the site with the object of safeguarding the retaining wall against further 
nage. The mess and discomfort endured by the men during these early 

ges of the work can well be imagined, whilst after 3 months of winter 
york the excavation of deep trenches became fraught with a certain amount 

f danger. Work at the eastern end was then discontinued and the Con- _ 
ors transferred their activities to the western end, where the cliffs were 
stable. 
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Banks of clay were built up against the outer face of the retaining wal 
with material shovelled over from the back, as a measure of protectio 
while work was in progress elsewhere. This had the effect of counter, 
balancing the outward thrust, and allowed successive slides to flow harm 
lessly over the top of the wall. On the completion of the drainage work: 
these banks were dug out; the wall was then cleaned up, and was foun 
to have sustained no further damage. + 

All excessively steep slopes, as well as the steep-sided shoulders whiel 
projected at intervals from the face of the cliff, were dressed down by hanc 
to flat, even slopes, and the excavated material was either sent to dump © 
used for filling in hollows and depressions. An attempt was made to worl 
to a maximum gradient of 1 in 3. In one or two cases, however, it wa 
found that this would have entailed excessive excavation, and the slope 
were dressed down to gradients of 1 in 2; no subsequent movement wa 
detected. : } 

At the eastern end of the works the promenade which formerly existec 


weight of filling near the top of the steepest and most unstable portion 
the cliff. 3 
The cliff steps, leading from Sea View road to the sea-wall and lowe 


en 


promenade, afforded a convincing illustration of the stabilizing effect of : 


sides of the steps was constantly on the move, the steps sustained ver 
little damage, and the underlying soil remained comparatively stab 
throughout. It was, therefore, decided to reconstruct the promenade it 
the form of a braced timber staging with an outer row of raking pil 
strutted back to one or two rows of vertical piles, depending upon th 
configuration of the cliff (Fig. 8). The primary and lateral drains w 
extended underneath the staging and were carried well into the upper edg 
of the cliff, which was dressed to an even slope and turfed over. . 
After spreading top soil from the drain excavation over the surface 
the cliff the entire area was raked over and seeded with selected gras 
mixed with an equal quantity of coarse grasses and clover, at the rate 
5 ewt. per acre. An analysis of the selected grass seed showed that i 
contained tall oat grass, cocksfoot, tall fescue, perennial rye grass, sea lym 
grass, Marram grass, various clovers, etc. The coarse grasses consiste 
clovers, weeds, etc., which were mainly cleanings from various seeds. 
seed germinated well, in spite of the rather poor quality of the soil, an 
a few weeks after sowing the entire slope was evenly carpeted in gre 
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TaBLE I, 
Date. Conditions. smi gallons ! 
25th November : . | 3 hours after heavy rain lasting 3 600 
hours. 
16th December ‘ . | After a night drizzle. 110 
3rd January . : . | After a morning drizzle. 450 
12th January . ; . | During frosty weather. 90 
14th January . : . | During frosty weather. 40 


1. 
= 


* 


426 DUVIVIER ON CLIFF-STABILIZATION WORKS IN LONDON CLAY. 


Costs. 


The work was completed in October 1938, at a total cost of approxi4 
mately £31,600, which works out at approximately £17 10s. per linear foot 


of cliff. 


CoNCLUSION. 


The cliffs were kept under careful observation during the winter no 
during which time rainfall was above the average, and, with the excepti 
of two small local slides which occurred after a series of very wet dave ir 
October 1939, and which were stabilized at an expenditure of about £350 ), 
no trace of movement or slipping of any kind has been detected. 

Fig. 9 (facing p. 415) is an aerial photograph taken when the wor 
were nearing completion, after the seed had taken root. : 

The discharge from the outfalls is continuous, but varies between wid 
limits. Measured discharges from the outfall from inspection-pit No. 7 at 
the foot of the cliff, which deals with the drainage from 3 acres of cliff, 
are shown in Table I. 


From September 1937 to March 1938, the Engineers were representec 
at the site by Mr. F. Lorimer Bruce, Assoc. M. Inst. C.E., and from Marel 
1938 until the termination of the work, by Mr. G. E. B. Coulcher, M. Inst 
C.E., who acted as Resident Engineer. 

The Contractors for the drainage Contract were Messrs. J. W. Ellinghan 
Ltd., of Herne Bay, and the Contractors for the boreholes were Messrs 
Legrand, Sutcliffe & Gell, Ltd., of Southall. The seeds were supplied b 
Messrs. Sutton and Sons, Ltd., of Reading. 


The Paper is accompanied by five sheets of drawings and thr 
photographs, from which Plates 1 and 2, the Figures in the text, an 
the half-tone page-plates have been prepared. 
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Discussion. 


' The Author, in introducing his Paper, showed a number of lantern- 
ides, illustrating the conditions at Herne Bay prior to the works described, 
he damage caused by the land-slips, and the progress of the works. 
_ He observed that since the work had been completed it had been 
tranged that weekly inspections should be carried out during the winter 
aonths, and that any cracks which developed should be filled with clay, 
horoughly tamped, and turfed over, since even a small crack on one of 
i steep slopes might, if neglected, develop into something much more 
erious. 
_ The omission from the Paper of any specific reference to the science 
f soil-mechanics was not due to any lack of appreciation of its value. 
ollaboration between the research worker and ‘the practising engineer 
yas receiving the attention of the Harth Pressures Committee of the 
nstitution Research Committee. It was to the advantage of the engineer 
0 be able to draw upon the accumulated and specialized experience 
f the research worker, whilst it was equally to the advantage of the 
esearch worker to have access to works and to become acquainted with the 
ractical difficulties confronting the engineer, having regard to methods 
f execution, site conditions, and, perhaps most important of all, limitations 
f financial resources. 
_ The President said that it was very useful, in the case of a new sub- 
ect like soil-mechanics, to have a practical demonstration such as that 
en in the Paper, which enabled scientists and engineers to learn from 
me another. 
The great change which had taken place on many parts of the coast 
been due, he thought, very largely to the imposition of artificial 
onditions on land that had once looked after itself. The drainage, 
shich formerly did its work for an agricultural region, was completely 
pset, and the surroundings were often in serious danger of being ruined. 
le thought it was quite clear that, but for the help of the engineer, the 
nities of Herne Bay would have been completely spoilt. 
Mr. F. E. Wentworth-Sheilds believed that the Building Research 
tion was developing a technique by which it would be possible to take 
uickly samples of any desired strata, and to test them in such a manner 
hat they could be classified and related to other earth samples ; indeed, — 
7 could be given labels or figures to indicate the strength of the clay 
her material, its power of absorbing water, and so on, and it would 


_ by water percolating into it. 
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be possible to tell fairly quickly and readily whether one clay w 
behave like another. Thus something much more useful would be sti 
than the fact that the clay in question was dark brown or brown mottle 
and its probable strength and behaviour would be known. Perhaps th 
Author might be able to furnish some information of that kind. 
On p. 421 it was stated that the “ herring-bone ” lateral drains whic 
led into the main drains were not less than 4 feet deep. Why had 
Author considered such a depth to be necessary? He appreciated tha 
the primary drains should be of sufficient depth to get right down to th: 
bottom of the disturbed clay and on to the stable bed, but the real functior 
of the lateral drains was to cause the rainwater which fell on the slopes’ 
pass quickly into the primary drains; for that purpose a surface drai 
would have sufficed. The most important thing was to prevent rai 
from soaking into the clay and so softening it, and the Author had pointe 
out that cracks had to be prevented from forming, and that any whi 
formed had to be filled. Therefore it would appear that the principa 
aims of the engineer should be to cover the clay with grass and to provid 
sufficient surface drains to ensure that the ground did not become softene 


Mr. George Ellson observed that the work appeared to have with 
stood successfully the most trying winter within living memory, so fa 
as the effect of weather upon earthwork was concerned. The cliff-face 
at Herne Bay, apart from the area wherein deep-seated trouble wa 
apparent, appeared to suffer more from scour and weather erosion tha 
from the more serious slides which were usually encountered on clifi-fa¢e 
and in clay cuttings, and it might be that the trouble had been accentuate 
by the prevalence of easterly and north-easterly winds during the winter 
of 1935 and 1936 and subsequently. 

The works which had been carried out might fairly be described a 
surface-drainage works, and the results obtained so far appeared t 
indicate that the Author’s diagnosis of the trouble was correct over 
main area. Time alone would show whether the remedies adopted woul 
be ultimately successful in the length where the bulge in the lowe 
promenade and the uplifting of the sea-bed had taken place. 

If the core at borehole No. 7 had been carefully taken out, in accordane 
with the latest methods advocated by Professor Karl von Terzagh 
M. Inst. C.E., and the Building Research Station, the plane of the sli 
at that section might have been revealed, and it would then have be 
possible to form a rough idea of the depth of the disturbance in th 
area. Indications as to whether or not the clay was fissured might al 
have been obtained ; information on that point was of considerable valt 
in studying remedial measures. The Paper did not indicate whether 
not there were clearly-defined slip surfaces on other areas of the cliff-fa 
and he concluded, therefore, that the principal trouble was weatl 
erosion of the surface, owing to the percolation of water through crac 
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ormed during the summer, resulting in the conversion of the clay down 
© a certain depth into slurry, and the subsequent flow during the winter. 
fhe lantern-slides exhibited by the Author rather confirmed that view, 
nd he would like to suggest that observations should be made on refer- 
mice-points fixed in the solid below the slurry and their positions 
hhecked. He considered also that it would be wise to cut a deep trench 
hrough the middle of the bulge and to examine it closely for signs of the 
wresence of a deep-seated slip. That would be easy in summer, but 
vould be very difficult and costly in winter after a deep-seated slip had 
yecurred. 

_ Mr. Ellson exhibited a number of lantern-slides referring to slips of 
which he had had experience. The first of them took place in the Wealden 
Jlay at Sevenoaks on the Southern Railway on 13th April, 1939, on the 
up side of the line just below Sevenoaks tunnel. The slip was about 
80 feet long, in a cutting approximately 60 feet deep at that point. The 
ailway was constructed about 70 years ago, and the sides of the cutting 
iad an average slope of about 1in2. Trouble had been experienced about 
ee ago in the same cutting, and had then been overcome by cutting 
rertical trenches through the slip to a small depth below the slip surface, 
hose trenches being paved with concrete and filled with hardcore. 

- When the 1939 slip occurred, he took the opportunity of consulting 
Professor von Terzaghi, who expressed the view that, with a water-content 
lose to the liquid limit, slides in fairly homogeneous soft clays were exclu- 
ively due to the low shearing resistance of the material in its original 
tate. Such slides always occurred during, or shortly after, a cut was 
xcavated. Slides in stiff clays never occurred immediately after a cut 
vas made, and the time which elapsed between the excavation of cuts 
md the formation of slides was very variable. Slides in stiff clays were 
eceded by a gradual disintegration of the slope material, owing to a 
dual swelling of the clay which proceeded from the percolation of water 
nto cracks and other fissures. The final product consisted of fragments 
hard clay embedded in a soft matrix, and with the increasing weight of 
e overburden the ultimate water-content of the soft matrix decreased 
pidly ; consequently, in its final state the clay was far from homo- 
eous. That explained the fact that the surface of sliding for stiff clays 
-y seldom coincided with the surface of sliding computed for homogeneous 
naterials. Immediately after the Sevenoaks cutting had been made the 
ctor of safety of the slopes against sliding might have been as high as 
. 10, depending upon the depth of the cutting. At the point where the 
lip occurred that depth would be about 60 feet, whilst it decreased to 
seT0 about } mile farther south. A slip corresponded with a factor of 
fety of 1, and the characteristics of the slides which took place in stiff 
determined the remedial measures to be adopted in dealing with such - 
It might not be economical to make the slopes of cuttings flat 
ch at the start to ensure stability for the ultimate stage of a process 
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which might extend over many decades (actually in the case in question it 
took 70 years), and that was the position which had to be faced with regard 
to many existing railway cuttings. | 

Mr. Ellson had decided that at Sevenoaks the procedure which had been 
adopted 21 years previously, and which had proved generally effective, 
should be followed in a modified manner. Four hardcore drains were 
constructed in the standard manner adopted on the Southern Railway 
trenches being first cut up the slope to below the plane of the slide. 4 
those trenches were cut a very clear indication of the slide-surface was 
obtained, and no difficulty was experienced in deciding when the bottom 
of the slide was reached. The bottom of the trench was paved witl 
concrete laid to proper falls, and the trench was filled with hand-packed 
brick rubble. The trenches were regarded as valuable buttresses to the 
sides of the clay cutting, as well as acting as a drain. They cut the slit 
material into sections, so that the slip could not move again as a whole 
and they buttressed the back of the bank against further movement. 
It had been found by experience that a surfacing 6 inches in thickness, 
consisting of ash mixed with a small proportion of clay, would minimize 
the surface cracking in hot weather. ; 

Professor von Terzaghi had expressed the view that the berm which 
was present about the middle of the finished slope tended by its nature t 
stabilize the slope, and he had furnished a very full explanation of his 
reasons for holding that view. It should be realized, however, that once a 
slip had taken place the surface of the slope had been weakened for all 
time ; hence the necessity for taking effective remedial measures. Although 
the slip took place during a period of dry weather—and Mr. Ellson had 
never before seen a slip take place when the surface was in such good 
condition—the decisive factor was the progressive swelling and softening 
of the clay. In addition to constructing the hardcore drains, he had al 0 
trimmed back the tops of the slopes of other parts of the cutting EO 
a gradient of 1 in 3 for a distance of about 25 feet from the top of the 
slope, because he thought that would lighten the pressure on the lows 
clay. 


the cliff-face at the point concerned was about 560 feet above sea-level 
and the slip covered a very large area. On that occasion about 100,000 tons 
of chalk slipped down and spread out, filling a hollow left by some previot 
slip. The fall was typical of other falls that had occurred not only last 
winter, but also in other years on that coast ; but the very severe weath 
conditions of last winter had caused considerably more falls than usual. 
A rainfall of about 23 inches occurred over the area in question during 
the last 3 months of 1939, and the chalk became super-saturated with 
water. The severe frosts caused disintegration of the surface, as at Herne 
Bay, and also doubtless influenced the expansion of water located : 
fissures at the back of the face, such as were prevalent along the tops 


CLIFF-STABILIZATION WORKS IN LONDON CLAY. 431 


halk cliffs. He thought that the probable cause of the preliminary 
ractures was the expansion, in the unrestricted seaward direction, of the 
arth’s surface in hot weather, and the drying effect of the sun in summer. 
Zossibly material fell down into the cracks, and when the cold weather 
fame contraction did not take place; the part which had moved then 
ttayed where it was, and gradually it became a little unstable. He thought 
hat that was the cause of the chalk-cliff falls experienced on the south 
yoast. Moreover, chalk cliffs included natural beds along which falls could 
ake place more easily ; for example, the cliff-face at the back of the fall 
1 question, from which the slide had taken place, had a smooth appear- 
ince. After the fall had occurred some small subsidences in the top were 
watched very carefully for a considerable time, but the face appeared to 
1ave become stabilized again. 

_ Mr. Ellson concluded by showing lantern-slides illustrating slips at 
Winchfield and Botley, which had been referred to by him on a previous 
ecasion!, 

Sir Cyril Kirkpatrick, Past-President, thought that the Author had 
geen fortunate in being able to take sufficient borings to ascertain the 
eat of the trouble. His own experience was that many councils and 
Neople who had the power to spend money strongly objected to borings 
eing taken, so that it was very difficult to obtain a good survey before 
ommencing operations. By means of the twenty-five borings at the 
ep the Author had been able to locate the seepage of water over a 
omparatively small area; that would have been impracticable if only a 
ew borings had been taken. He-would like further information from the 
Author with regard to the type and construction of the 12-inch diameter 
0roUs concrete pipes with non-porous inverts mentioned on p. 422. He 
would also be glad if the Author would indicate the positions of the rain- 
ages from which the information regarding the rainfall, given in Table I, 
was obtained. The run-off seemed to be small, and it would be of interest 
30 have some idea of its quantity in relation to the rainfall. 

_ Mr. Raymond Carpmael considered that two important points 
srought out in the Paper were, firstly the futility of relying on toe-walls 
ner se to afford sufficient support to clay cliffs, and secondly the primary 
necessity of providing an efficient drainage-system. He would like to 
songratulate the Author and his firm upon a well-thought-out scheme, 
ipon the successful manner in which the work had withstood an abnormal 


made for contingencies ; it would be interesting to know what provision 
aad been made at Herne Bay. 
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It was a wise precaution to drive boreholes. In that respect the Aut 
was much more fortunate than railway engineers, who often had to do th 
work first and subsequently try to discover the cause of the disturbanee 
The boreholes had revealed, not so much what should be done, as what wa 
unnecessary, and in that respect they had prevented needless expendit ir 
of money and labour. As he understood it, the work in question wa 
practically all shallow work on sliding surfaces. His experience Wé 
that the cause of movement was nearly always the sliding of 
incumbent material on a soapy film which had been softened by 
impregnation of surface water; that film overlay more stable mate: 
and was probably composed of disintegrated material which had passe 
through cracks during dry weather until it was held up by more st lie 
strata. The trenches of primary drains should be founded below the le 
of that film or plane of cleavage, which some railway engineers rathe 
loosely described as “‘ the slip.” 

He had experienced considerable trouble in the past with clay slopi 
in the Severn valley between Shrewsbury, Bridgnorth, and Bewdle 
where continuous slips had occurred over some sections. By arré 
ment with the landowners, men had been allowed to inspect the sl 
periodically, sometimes going as much as } mile up the hill and tram 
ling down very carefully all cracks, with the object of preventing infi 
tion of water into the slopes below. He considered that the import 
of that precautionary method of closing all cracks could not be ove 
emphasized. . | 

In his practice he did not normally find it necessary to lay pipes 4 
the bottom of what were described as main drains, which were usuall 
formed with heavy slag to provide support as buttresses as well to 
as drains. Shallow inclined ‘‘ herring-bone ”’ lateral drains were doub 
useful as shallow surface drains, but they could not possibly afford an 
support in case of further movement. 
-s,. Mr. L. F. Cooling observed that it might be of interest to out 
present knowledge of the mechanism of slides in the type of soil und 
4 consideration. London Clay belonged to a group of clays which, as t 
:- result of having been subjected to a very high overburden pressure in I 
: _ course of their geological history, now existed at a low water-conten 
. approximately equal to what was normally termed in soil-mechanics 
; “plastic limit.” That type of material was defined by Professor vi 
'. Terzaghi! as a stiff, fissured clay. Such clays were very dense and stro 
Ke in the body of the material, but they contained a network of fissures wh 
formed a potential source of weakness. London Clay, for instance, 
probably been at one time under an overburden pressure of the order of: 
tons per square foot, and, although erosion had removed most of the 01 


‘i “Stability of Slopes of Natural Clay.” Proceedings, International Confer 
on Foundation Engineering, vol. I. Harvard, 1936. is &: 
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rden, the clay now existed in a dense condition. The moisture-content 
samples, expressed on the basis of the weight after drying at 105° C., 
aged from 25 per cent. in a hard clay to probably 33 per cent. in the 
tface layers, where there had been an opportunity of expanding ; 
it represented a porosity, measured on the total volume, of between 
and 48 per cent. The body of the material was exceptionally strong, 
e compressive strength of unrestrained cylinders ranging from about 
Tb. per square inch up to as much as 100 lb. per square inch. The 
sures, however, exerted a very important influence upon the behaviour 
ondon Clay in cuttings, and rendered it very prone to troublesome 
des, even on comparatively flat slopes. When the clay in its natural 
ute was situated at a depth below a level surface, the fissures remained 
sed, owing to the high lateral restraint, and had little influence upon 
e soil properties; but when the clay was located near the slope of a 
tting, the removal of the lateral support caused uneven expansion, which 
d the effect of opening the fissures, thus weakening the structure. More- 
er, because the body of the material was so strong, the fissures could 
main open for a depth corresponding with the expression :—(compres- 
re strength of material)/(weight per cubic foot) ; thus, in all probability, 
ey could remain open to a depth of 24 feet and more. As a consequence 
‘the opening of the fissures, the overburden was carried on a smaller 
aring-area ; the shearing resistance was thus reduced, and with it, of 
urse, the stability of the slope. During rainstorms water accumulated 
the fissures, and the clay could then swell along the walls of the fissures 
ider zero pressure, even when they were located at an appreciable depth 
Jow the surface. That process of non-uniform swelling weakened the 
aterial still further by forming cracks. In addition, drying shrinkage 
curring at the surface produced cracks, and when those cracks became 
led with water during rainstorms, the hydrostatic pressure in them in- 
oduced an additional disturbing force, so that the stability of the slope 
as less than ever after a rainstorm. Once a slide had begun, the lubri- 
ted walls of the fissures came into contact and the water was trapped in 
é fissures. The resistance was then reduced considerably, so that once 
slide had started it was liable to proceed quickly. In addition, the 
face soil was affected by the normal weathering processes, such as frost, 
hich broke up the surface. 
Slides in such material as London Clay represented failures along zones 
‘local weakening within a very deep zone of potential disintegration. 
was interesting to observe, from the Author’s account of the failures 
served in the Herne Bay cliffs, that, although the majority of them 
speared to be shallow slides, deep slides had occurred at various points, 
arently coinciding with portions of the cliff which included a water- 


8 ° 
ould obviously serve to increase the stability of the slope, particularly 


ri g stratum at the top. With such a mechanism of failure, surface - 
oe and measures to reduce shrinkage-cracking at the surface of the 
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against shallow slides and during periods of adverse weather condition 
when the factor of safety might be reduced below unity. 
The Author had mentioned the advantages, in considering practic 
problems, of supplementing site observations by quantitative measur 
ments of soil properties. Mr. Cooling appreciated the fact that the bor 
hole samples mentioned in the Paper were examined prior to Octob: 
1936, which was early in the history of soil-mechanics in Great Britair 
but much more valuable information could have been obtained from t 
samples. The only descriptions of the soil contained in the Paper were: 
a purely qualitative nature. Although London Clay was fairly 
known, and a description conveyed a general impression to those fami 
with it, that was not sufficient for identification purposes; substanti 
variations might be revealed between samples from different parts of tl 
formation. Simple quantitative tests were now available for the pu 
of identifying a soil, and if the borehole samples had been tested to dete 
mine the natural moisture-content, and the liquid and plastic limits, 
had been subjected to unrestrained compression tests, it would have bee 
possible to record a much more definite idea of the type and condition of #] 
soil and of the degree of its variation. He emphasized that point, becau: 
such information was really essential to enable the experience gained in 
project of such a nature to be utilized to the maximum advantage in. 
consideration of other similar problems. 
A rough analysis of the bank section illustrated in Fig. 4, Plate 
indicated that for a shallow slide similar to those described in the Pap 
an average shear strength around the failure-surface of 7 lb. per square in 
would be required for stability, whilst for a deep slide passing down” 
the Oldhaven beds about 11 Ib. per square inch would be necessary. — 
shear tests had been carried out.on the material from the site the resu 
might have indicated whether the slope was on the verge of stabili 
especially in respect of deep slides, or whether a substantial temporary lo 
of stability through hydrostatic pressures and so on, was responsible 
failure. { 
In tests carried out at the Building Research Station on samples. 
London Clay from various localities, values of between 7 and 15 lb. p 
square inch had been obtained for the shear strength, which were simil 
to those that he had calculated in connexion with the Paper. 
Mr. S. C. Lewis observed that when he first went to Herne Bay. 
March 1936, in response to an urgent call, he was rather aghast at 
spectacle presented by the condition of the sea-front. The retaining wa 
cafés, bathing-cabins, and shelters were in a terrible state, and slips we 
still continuing. While he stood opposite Queen’s avenue, looking over t 
top of the cliffs, a mass of earth about a cubic yard in extent suddenly s 
down the face of the cliff right under his feet, leaving a surface like a soa 
film, as if butter had been spread to assist its descent. He was able 
persuade the Council to have the bore-holes made, and he agreed with ] 
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Carpmael that the boreholes indicated what was unnecessary rather than 
what had to be done. 

__ Mr. T. H. Seaton wished to congratulate the public authorities of 
_ Herne Bay upon their wisdom in arranging for the problem to be considered 
-by an experienced engineer, and the Author upon his foresight in carrying 
- out the preliminary investigations described before the works were designed. 
Large sums of money had been spent unwisely in dealing with similar 
problems, only to aggravate the position. Whilst agreeing generally 
with the measures that had been adopted to stabilize the cliffs at Herne 
Bay, he would observe that his experience was that for the subsidiary 
drains a “ chevron” system yielded better results than did a “ herring- 
“bone”’ system, especially in providing surface support to unstable material, 
and also that the pores of porous pipes at times became choked with silt. 
‘He had therefore used glazed earthenware pipes with open collar joints, 
which preserved the continuity of the pipe should the alignment be dis- 
turbed. Moreover, if a continual stream of water ran down the pipes, 
it was advisable to lay them on concrete; otherwise, sooner or later, 
“the bed of the pipes would be washed away. He had known of many 
"instances in which a channel had formed below the pipe and further trouble 
had been caused. He had also found that drainage trenches in clay, other 
than those used as counterforts, were best filled with flints, which did not 
“become choked so quickly as did hardcore. 

2 Works had been carried out recently on the London and North Eastern 


Railway in connexion with the stabilization of clay slopes. The single 
line between Thorpe-le-Soken and Clacton-on-Sea had been doubled, 
and at Great Holland, in a particularly unstable cutting, there were slips 
from end to end. The upper portion of the cutting was water-bearing 
"gravel and sand, whilst the lower portion was clay. In widening the cut- 
ing the gravel portion was trimmed to a slope of 1 in 2, and the clay 
rtion to a slope of 1in 3. In some instances the old slips in the cutting 
ent much deeper than what was to be the finished surface of the cutting, 
nd those slips were dealt with by counterforts constructed in accordance 
vith the recommendations made in a Paper which he had presented to 
he Institution!. Shallow slips and waterlogged and unstable surfaces 
ere stabilized by means of trenches about 2 feet in width filled with 
hardcore, whilst pipes were laid where there was a continuous stream of 
water. The slopes were covered with a layer of ashes about 6 inches in 
thickness. At the foot of the cutting was laid an open-jointed earthenware 
‘pipe drain on concrete in a flint-filled trench, to carry away the water 
m the counterforts and drainage-trenches. The formation for the new 
e was covered with a blanket of fine ashes 12 inches in thickness. The 
itting had now survived two winters, the second of which had been 
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particularly severe. No slips had yet occurred, and it appeared probable 
that the measures adopted would prove permanently successful. The 
measures taken were illustrated by lantern slides. 4 

In a cutting on the Edgware branch line of the London and North. 
Eastern Railway, trouble from slips had been experienced for many years, . 
A rough wall of slag had held up the cutting for some time, but when the 
line was widened recently the old slips started to move. The problem, , 
which was one of the most difficult that he had ever tackled, was dealt 
with successfully by constructing vertical trenches, 6 feet wide and abo t 
18 feet apart, packed with hardcore, as counterforts from top to bottom 
of the cutting. The work was illustrated by lantern-slides. 

Mr. M. F. Barbey had had to deal with a slip in a railway cutting mm 
material rather similar to the clay at Herne Bay. He had brought a 
sample with him, in the hope that the Author might be able to confirm 
some of the values he had obtained for it. That sample had a moisture 
content of 30-2 per cent., a plastic limit of 23-0 per cent., a liquid limit 
of 74 per cent., a cohesion of about 3-3 lb. per square inch, and a density 
of about 110 Ib. per cubic foot. The cutting was about 30 feet high, and 
the clay exhibited a tendency to disintegrate into small pieces similar to 
that of the clay at Herne Bay. It was very difficult to maintain the bank 
at a slope of 1 in 2, or even of 1 in 3. 

He thought that the trouble at Herne Bay was chiefly a series of surfa ce 
slips, due to disintegration on account of weathering ; and the only treat- 
ment for such slips was to make a series of small drains and to seed the 
surface, as had been done. ‘Two areas, however, were marked in Fig. 3, 
Plate 1, where underground water occurred, and where probably much 
more deeply-seated slides had taken place. From Fig. 4, Plate 2, he had 
endeavoured to test that out on the circular-slip theory, and had run an 
arc from the top crack which appeared in the upper inspection pit, to jus 
below the ordnance-datum line, where it struck borehole No. 6; it cut 
borehole No. 7 at the junction between dark brown clay and blue clay, 
which was 10 or 15 feet below the ordnance-datum line, and it came out 


; about 40 feet from the piling. Perhaps the Author could confirm tha 
* that was where the blue clay did appear. An approximate analysis gave 
ke) a value for the shear-strength of 4-62 lb. per square inch for that particular 
circle of failure. -f 
; In some works carried out so long ago as 1844, on the down side of th 


line to the north of Euston station, shallow drains had been put in on th 
surface of the cutting, and were reported at the time to have beet 
successful. In that case specially-made pipes, with a series of tapered hole 
in them, had been employed. 

He had adopted a toe-wall in the case of small banks, and had found i 
fairly effective, but it was probably not so efficient as the counterfort typ 
of drain, although much cheaper. 4 

Mr, J. M. Lacey remarked that in a Paper which he had presented 
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‘The Institution some years ago, he had dealt with the erosion of the Beltinge 
clifis at Herne Bay!. He exhibited a lantern-slide showing the surface 
of the Blean, which was an outlier of the lowest part of the London Clay 
formation, about 16 miles long and about 6 miles wide. Patches of gravel 
and brickearth which were visible were possibly the remains of glacial 
‘or post-glacial floodings due to the melting of snow on the chalk downs, 
scouring out ravines that became filled with gravel, sand, and brickearth 
when milder conditions prevailed. The area in question was, perhaps, 
the remains of some ancient river system having its origin in the Wealden 
- Anticlinal, of which the brooks of Swale cliff, Hampton, and the Oldhaven 
gap were the small surviving remnants. The district was rich in relics 
of the Pleistocene and post-glacial periods, and several people in the town 
‘had discovered mammoth tusks in the debris from the cliff. Considerable 
— of ground-water were present in the area, the water-bearing 
beds varying according to the hollows scoured in the original London Clay 
‘surface. The manager of the Herne Bay waterworks had told him that, 
laying the main to Beltinge, he had come across bands of gravel, 6 feet 
wr more wide, full of water, and he had also experienced difficulty with 
water in the foundations of the service reservoir, situated on the highest 
oint of the downs, and in the foundations of the new cottage hospital, 
vhich was } mile east of the service reservoir. It was a curious fact that 
‘in some areas large quantities of water were found, whilst in other areas 
“there was no water at all. 
The water collected in the hollows of the London Clay did much to 
‘destroy the equilibrium of the cliffs, and large masses of the cliffs had 
lipped and sunk with a marked inward dip towards the cliff-face. Large 
andslides, rather than slips, had taken place. In 1896 an extensive land- 
‘slide occurred in Queen’s avenue, at the place where nearly 24 years ago 
“about an acre subsided. The area affected by that slip included a footpath, 
a quantity of bush growth, and a large part of a field of barley. In 1903, 
a large landslide occurred, hedges and ditches remaining in place but 
sinking lower down. In January 1930, a large landslide occurred opposite 
the Rand, in which the land sank about 40 feet, carrying away garden- 
fences and hedges. All of these slips occurred where there had been 
"previous slips, indicating that some weakness existed in the area. 
>. It was obvious that in dealing with landslides of such a nature a retain- 
“ing wall would be of little use, as it would be pushed aside, and that the 
‘real remedy lay in draining the water away from the cliffs. 
_ The area where the works described by the Author were carried out 
d always been a source of trouble, owing to surface slips. The upper 
omenade had frequently been damaged. Before the construction of 
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which were similar to those at Herne Bay, and he had followed both the 


438 DISCUSSION ON 


the concrete retaining wall and the bathing-cabins referred to in t. z 
Paper a timber sheet-piling retaining wall, which allowed some escape Ot) 
water from the cliff slope, had existed, but even then slips frequent 
occurred, and farther down, eastward of the “ Hundred Steps,” gaps were‘ 
left in the timber retaining wall in order to allow the passage of such slips. 
The construction of a solid retaining wall, with perhaps no allowance 
drainage, had resulted in the catastrophic damage described in the Paper, | 
With regard to the boreholes, the London Clay in the area in questi 
was the lowest part of the formation and was a dark-blue dense substance. 
The brown and mottled clay with sand was, he thought, of a later formation. 
Dr. 8. W. Wooldridge had stated:1 ‘‘ The Blean is covered with grav 
to a considerable extent of deposits of widely different ages. They seem 
to be best interpreted as the product of torrents due to the melting of snows 
on the chalk downs after the main glacial episode.” East of Sea View 
road, beyond the houses, there was an excavation for a brickfield ; possibly 
most of the mottled clay was not quite London Clay. 
The slip where the works described in the Paper had been carried ou 
was more in the nature of a surface slip than a great landslide, such as the 
landslides that he had described. i 
Why had the Author not carried the primary drains right through the 
retaining wall to the sea-face, dividing the wall into sections and providir 
a bridge over the cutting? The longitudinal drain that the Author had 
made was likely to become choked, and that might very possibly resul 
in a further disaster similar to that described in the Paper. } 
Mr. H. W. Holmes observed that the district with which he was 
concerned—namely, Frinton-on-Sea and Walton-on-the-Naze—had cliffs 


Paper and the discussion thereon with interest. On the basis of 10 years 
experience of the type of cliff in question, he thought that the Authe 
had undoubtedly gone the right way to work. Perhaps the Author was @ 
little fortunate in that the cliffs at Herne Bay had assumed already ¢ 
slope which was much flatter than that in the Frinton district, where the 
greensward was a very valuable piece of ground which the Council did no 
wish to lose. He had experienced the greatest difficulty in carrying ou 
cliff-stabilization works, because there was a vertical face at the cliff-toj 
where the slips always occurred. He had found no difficulty in dealin 
with the lower half of the cliff, where it was merely a question of gettin 
rid of the brown clay which had previously slipped, leaving only sufficien 
to prevent the blue clay from exposure to the air and consequent dete 
rioration. The difficulty lay in dealing with the upper 30 feet, where thi 
blue clay was overlain by the brown clay, and where an attempt had t 
be made to retain the clifl-edge. That was a very difficult problem, an 
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he would welcome any assistance that could be given to him in dealing with 
it. It was easy to cut back the ground to a slope, but expensive artificial 
works, such as were required to retain the cliff-edge in its present position, 
were not, he thought, practicable for his Council. The district had a total 
Sea-frontage of 64 miles, 3 miles of which was owned by the Council, includ- 
ing 2 miles affected byslips. Taking the cost of the works at Herne Bay asa 
basis (he thought it was a very good basis and probably the minimum cost), 
the cost of such works in his district would be almost £190,000 ; and as the 
rateable value of the district was £110,000 it was obvious that any attempt 
to have such works carried out would not meet with much success. 

_ The Author, in reply, observed that several speakers had asked if any 
quantitative information were available with regard to the clay extracted 
from the boreholes. No samples were actually tested in the laboratory. 
The boreholes were sunk 4 years ago, which, as far as he was aware, was 
before the present technique evolved by the Soil Mechanics Section of the 
Building Research Station had been developed. 

Sample cores were extracted from most of the boreholes at intervals of 
out 5 feet, and carefully examined at the surface, and, in addition, a 
omplete record was kept of the behaviour of the holes and of their tendency 
swell during sinking, so that, short of taking laboratory tests of the 
isture-content and strength of the clay, the engineers acquired a fairly 
timate knowledge of the subsoil, all of which was carefully recorded at the 
me. 

The Author agreed, however, with Mr. Wentworth-Sheilds, that that 
formation ‘allowed only a general comparison to be made between the 
amples extracted from different places and depths, whereas a comparison 
on a quantitative basis of the physical properties of the underlying clay 
before and after the completion of the surface drainage-works would have 
provided a useful basis for the design of further works of a similar nature. 

_ Mr. Wentworth-Sheilds had asked why the “ herring-bone ” laterals 
were required to be not less than 4 feet deep. It was considered just as 
essential for the laterals, as for the primaries, to be carried down to the © 
undisturbed clay below the slides. To have bottomed up those trenches 
with 2 or 3 feet of slurry below the invert would have invited further move- 
n rent. It was realized also that the primary, lateral, and interceptor drains 
would have a combined buttressing effect upon the clifi-face as a whole. 
the support afforded by shallow surface-drains would have been negligible, 
but by carrying the inverts of all drainage trenches below the top of the 
undisturbed clay, each drainage system was keyed into the solid, and the 
slides were broken up into a series of small independent units. 

" Mr. Ellison had suggested that reference-points should be fixed in the 
d below the slurry as a check on the equilibrium of the mass, but the 
hor was of the opinion that an equally satisfactory check could be 
ained by keeping a careful watch on the behaviour of the brick pavilions 
concrete retaining walls at the foot of the cliff. Any further movement 
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of the underlying clay would be at once detected by the formation of cr a € 
in the masonry, as had, in fact, occurred before the drainage-works w 
commenced, whilst further movement of the surface layer would be detec x 
by a tendency for the material to surge up above the top of the retaining 
walls. Neither of those movements had occurred. | 
In dealing with the Sevenoaks slip, Mr. Ellson had had the bottoms of 
the trenches paved with concrete before being filled with rubble. | 
Author had also considered the possibility of paving the primary drains 
with concrete, but it was found that that would have increased the cost of 
the drains by about 13s. per linear yard, and the proposal was, theref ore 
not proceeded with. There had been no signs of any movement in those 
drains since they were constructed, and concrete inverts would therefore 
have been an unnecessary refinement at Herne Bay. | 
The particulars of the large fall of chalk in the Folkestone Warren 
furnished by Mr. Ellson, as well as the explanation of the manner in whieh 
those falls took place, were informative and interesting. Where a lack « 
stability in a chalk cliff constituted a potential source of danger to the 
public or to property, it was not unusual to strengthen the cliff with masonry 
buttresses, keyed into the face, sometimes arched over at their upper ends 
In very exposed or dangerous situations it was occasionally found necessal y 
to cover the entire face in concrete or masonry. The danger of a chalk 
slide was that usually there was no warning when it was about to occur, an¢ 
the results might be catastrophic. The design of the supporting buttresse: 
was a matter of judgment, or guesswork, because nothing was known of the 
magnitude, position, or direction of the outward thrust which would resul 
from the separation of any further masses of chalk from the body of th 
cliff. The risk could, however, be appreciably reduced by cutting back th 
face to a batter of 4 to 1 before building the buttresses, and in cas 
where the land at the top of the cliff was valuable, the edge of the cli 
could be restored to its former position by the construction of a beam-and: 
slab or arched decking resting on piers founded on the buttresses. Th 
decking would have the advantage of protecting the top portion of th 
cliff against rain. 
Sir Cyril Kirkpatrick had stressed the importance to the engineer 
having a sufficient number of preliminary borings taken before he y 
called upon to complete his designs, and the Author agreed that authoritie: 
were sometimes reluctant to incur that additional expense. At Hern 
Bay they were lucky, and no objections were raised. Asa result, the wor 
were carried out substantially in accordance with the designs, and th 
council were saved the expense of claims arising from alterations mad 
during the execution of the works. 
The porous pipes, concerning which Sir Cyril Kirkpatrick had asked fo 
further information, were of a proprietary make. The upper two-thirds 
the periphery was of a highly-porous breeze concrete, and the invert wa 
of ordinary non-porous mass concrete. Their chief drawback lay in th 
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difficulty in keeping the porous part clean while the pipes were lying about, 
or while they were being laid in the trenches. To keep the pipes clean 
ealled for constant and unremitting supervision. The pipes were 18 inches 
Tong and had ogee-type joints. They were laid with open joints, so that 
even if some of the pores became clogged during the laying, water was still 
free to percolate through the joints and the trench could not become water- 
logged. 

_ The rainfall on the days on which the discharge from one of the outfalls 
had been measured, and on the preceding days, was as shown in Table II. 
- The sum of £2,700 Os. Od. had been included in the contract under the 
heading of contingencies, and the reason for the slight excess of cost over 
estimate was that the council agreed to pay the contractors an additional 
rate for hauling the excavated material to a spoil site below Queen’s 
avenue, instead of dumping it into the sea opposite the works. 
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_ The Author was somewhat puzzled by Mr. Carpmael’s remark that 
railway engineers were often compelled to execute work before they were in 
a position to investigate the cause of the trouble. If a slide occurred in a 
railway cutting the Author fully appreciated that the first and most urgent 
step to be taken was to clear away the slurry so as to get the road open to 
traffic as quickly as possible, but it did not take long to bring a light boring 
rig to the site, and boreholes could presumably be drilled at the same time as 
the more urgent remedial works were being carried out. 
_ The boreholes at Herne Bay ruled out certain extravagant theories 
ich had been advanced as to the cause of the slides, and, as Mr. Carpmael 
stated, prevented needless expenditure on unnecessary measures. 
junction between the slides and the undisturbed strata was in most 
s clearly defined by a marked change in the appearance and consistency 
of the material, and the drains were invariably carried down to depths o 
t less than a foot below the base of the slides. 
‘He was unable to agree with Mr, Carpmael as to the lack of support 
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afforded by the lateral drains. That those lateral drains played an 
essential part.in stabilizing the slides was proved in a conclusive manne 
about 12 months after the main drainage-works were completed. It we 
found then that a further extensive slide on the undrained portion of th 
cliff just to the east of the Hundred Steps was having a destructive effect 
on the treated portion of the cliffs.east of primary drain No. 1, and on he 
engineers’ recommendation the council decided to have that slide stabilized 
by means of an additional primary drain and lateral drains. In ar 
endeavour to economize, the engineers decided to provide lateral drains 
only on the east side of the new primary drain ; that was to say, between 
the primary drain and the Hundred Steps, as it was hoped that the primary 
drain would have the effect of drying out and stabilizing the other half of 
the slip, and would obviate the need for further expenditure for some time 
to come. 

The work was carried out, and gave entirely satisfactory results as fat 
as the western half of the slide was concerned, but the other half continued 
to move, and masses of slurry began to pour over the rubble filling of the 
new primary drain, forcing the covers off the inspection-pits, and clogging 
the pores of the drain. It was, therefore, decided to balance up 


and a comparatively stable bluff which lay 30 or 40 feet farther east. 
The result was entirely satisfactory, and left no doubt in the Author's 
mind as to the essential part played by the lateral drains in helping 
bring about a state of equilibrium. 

Mr. Cooling’s analysis of the mechanism of clay slides laid particular 
stress on the occurrence and formation of fissures deep down in the body of 
the clay, and their responsibility for the disintegration of clay slopes. Tf 
the full hydrostatic_pressure could be developed in a deep crack, the pres: 
sure at a depth of 24 feet below the surface would be 10} Ib. per square 
inch, and it would be appreciated that a pressure of that magnitude acting 
against an unsupported face would constitute a powerful disturbing forcey 

Mr. Seaton had mentioned that a “chevron” system yielded bett 
results than did a “ herring-bone” system of lateral drains, but if the 
“ chevron ” system were constructed as illustrated in Fig. 2 of Mr. Seaton’s 
Paper on clay slips * it was the same as the system adopted at Herne Bai 
except that additional drains, known as “ link ” drains, were introduced, 
parallel to the primaries through the intersection of the laterals, in order. C 
subdivide the slides further and to provide additional support to the upper 
ends of the laterals, 

He noted that in Mr. Seaton’s opinion the pores of porous pipes at time: 
became choked with silt. It should be remembered that the pores extended 
over the upper two-thirds of the periphery, and were in contact with rubble 
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‘the body of the trench and not with the sides of the trench. In view of 

6 fact that the rubble was covered with a filter layer of clinker below 

ound-level, the only way in which silt could be carried into the drains 

ould be by being washed down the sides of the trench and across the 

oping invert towards the pipes. Admittedly there might be a tendency 

ter a time for the lower edge of the porous shell to become choked, but 
ater was still free to find its way into the pipes through the open joints. 

he possibility of channels being formed below the inverts of the pipes was 

rovided for by constructing drainage cavities against the upstream faces 
‘the inspection-pits and cutting weep-holes through the walls, as shown 
| Fig. 7 (p. 422, ante). 

_ The Author noted that Mr. Seaton preferred flints to hardcore. Flints 
ere quoted for at 5s. 6d. per cubic yard extra, and would have involved an 
dditional expenditure of approximately £5,000 on the contract. The only 
isadvantage of brick rubble, so far as he could see, was that certain con- 
gnments contained an excessive amount of dust, but most of that was 
yparated out when the rubble was loaded by hand into skips ready for 
ywering down the face of the cliff. 

_ In reply to Mr. Barbey, the portion of the foreshore where an upheaval 
F blue clay was alleged to have occurred prior to the commencement of the 
orks was opposite the section shown in Fig. 4, Plate 2, below the deposit 
f water-bearing sands and gravels revealed by boreholes Nos. 2, 3, and 48. 
- With regard to Mr. Lacey’s concluding remarks, the Author was aware 
f no reason why the lower longitudinal drain should become choked. It 
‘as carried well down into the solid clay below the slides, and was provided 
ith manholes from 50 to 70 feet apart which made the inspection of each 
ngth a comparatively easy matter. Discharge pipes led from the longi- 
udinal drain to the foreshore at convenient intervals. 

_ Bach of the terraces between the retaining wall and the lower promenade 
ad its own system of drains, and a large part of that area was paved in 
oncrete. It would, in the Author’s opinion, have been a needless expense 
> have extended the primary drains seaward of the retaining wall. 
en points A and B, in Fig. 3, Plate 1, where the retaining wall had 
een overturned, the primary drains were extended to the lower level by 
utting gaps through the debris, and a supplementary deep longitudinal 
rain was constructed along the back of the damaged bathing cabins. 

_ The lower longitudinal drain was an essential part of the drainage 
scheme. It served the useful purpose of drying out the wet clay and 
lurry behind the retaining wall down to a depth well below the foundation, 
hereby reducing the thrust: on the wall, quite apart from its function as a 
jeans of conveying the drainage from the primaries to the outfall. 

_ Mr. Holmes had referred to the clay clifis at Frinton-on-Sea, If 
‘ig. 11 in the Discussion on Mr. Seaton’s Paper * were a representative 
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view of those cliffs, they displayed a marked similarity to the cliffs at tt 
eastern end of the site at Herne Bay as shown in Fig. 2 (facing p. # 
ante), both in regard to their general appearance and their slope. Tl 
retention of the vertical face at the top was a difficult matter, because: 
was there that the slides usually originated, starting with a crack a fe 
feet back from the face, followed by the breaking away of large lumps 7 
clay. The Author saw no alternative but to dress the face back to a sh e 
which would stand a reasonable chance of remaining stable after bei 
drained. 

Some form of sea-wall or breastwork along the toe would also 
necessary to prevent erosion by the sea, but it would be a waste of mone 
to build a breastwork without the drains if conditions were as bad as tho« 
at Herne Bay. 


Correspondence. 


Mr. H. J. F. Gourley observed that he had been asked, a few years ig J 
to collaborate with Mr. B. L. Hurst, M. Inst. C.E., in reporting upon ex 
sive slips which had occurred at Frinton, with consequent bulging and li 
ing of a reinforced-concrete retaining wall at the foot of the cliff. 
materials involved were the basic blue clay with overlying plastic or 8 
brown clays, within and near the top of which were beds and ee 
waterbearing sand, and the appearance was very similar to that descri 
by the Author, namely, alternating shoulders and transverse — 
It having been made clear that a thorough geological investigation wa 
essential preliminary to formulating recommendations, an extensive bor 
programme was carried out, so that over the whole area the surface of 
blue clay was established and the extent, thickness, and felstivas p 
meability of the sand beds were determined. 

Samples of the clay were mechanically analysed: the brown oli 
averaged about 68 per cent. by weight of clay, 24 per cent. of water, ai 
8 per cent. of sand, most of which passed a 180-mesh sieve, whilst the bh 
clay contained 37 per cent. of clay, 24 per cent. of water, and 39 per ce 
of sand, most of which passed the 180 mesh. From those results, and fro: 
the behaviour of the samples whilst they were being prepared for analysi 
it was concluded that the brown clays were of an unstable | 
liable to break down and/or slip in the presence of water, and necessitating 
in any event, flat slopes protected from rain and measures to prevent th 
access of water from below; the blue clay was regarded as of rhs 
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There appeared to be little doubt that the slips were essontialigh 
result of water-lubrication, which increased the inherent instability 
the brown clay and caused it to slide on the blue clay, the surface of wi Ic: 
was more or less level near the top of the 75-foot high cliff, but had 
slightly undulating fall towards the foreshore of about 1 in 3, commence mn 
some 200 feet back from the line of the toe-wall. 
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_ It was concluded that the only method of stabilizing the cliffs was to 
yick up all water in the sand by a master drain laid as far back as was 
racticable from the heads of the valleys, and at such a level as would be at 
Ul points below the bottom of the lowest sand-layers. That involved the 
aying of a 12-inch open-jointed concrete drain at a maximum depth of 
8 feet ; the trench was to be filled with gravel up to the top of the water- 
searing sand or to 3 feet below the surface of the ground, whichever was 
the lower, and above that with a layer of ashes, and finally with ordinary 
efilling. Manholes at distances apart not exceeding 100 yards were to 
9e constructed for rodding and clearing any sand which might otherwise 
lave accumulated. It was not considered prudent to rely upon an outfall 
rom that master drain laid down the cliff, even in the blue clay, and, 
nstead, a vertical shaft was to be constructed from which an elliptical 
soncrete tunnel 5 feet by 3 feet would lead to a manhole constructed 
almost entirely in blue clay behind the retaining wall. The drainage 
water was finally discharged on to the foreshore through a pipe laid in the 
blue clay and fitted with a tidal flap. That work constituted the first and 
most important stage; subsequently, and after the elimination of the 
water-lubrication had had time to be effective, the slopes were to be 
fattened to a hollow curve and covered with turf obtained from the 
adjacent meadows. 

- It was not considered that shallow surface drainage of the final slopes 
would be necessary if care were taken in the turfing. At Herne Bay the 
master drain extended over a greater length of frontage than was covered 
by the drains in the face of the cliff; had the undrained face shown any 
tendency to slip 2 

The Author, in reply, observed that from the description furnished 
by Mr. Gourley, it appeared that conditions at Frinton, so far as the water- 


E: 


earing strata at the top of the cliff were concerned, were very similar to 
those at Herne Bay, and the measures which he proposed to adopt to arrest 
the flow of underground water towards the cliff-face were also very similar. 
The analysis of the clays at Frinton showed a surprisingly high sand- 
content. At Herne Bay, the upper longitudinal drain was 3,800 feet 
ng, but only 1,800 feet of the cliff-face had been stabilized by drainage. 
ong the 2,000 feet of undrained cliff, movement continued to occur on a 
ge scale. At Queens avenue, where the upper longitudinal drain passed 
ugh a deposit of water-bearing sand and gravel, the drain had had a 
rding effect on the crumbling away of the cliff-top, but the bulk of the 
face was still quite unstable and would continue to be so until the 
ouncil were in a position to extend the surface-drainage of the cliff-face 
ward along the remainder of the frontage. The only stable part of the 
face in that area was the spoil-dump below Queens avenue, which had 
d rubble drains built through it as the material was tipped, the top of the — 
n being kept level with the top of the filling. oc 
“Mr. Gourley had proposed to flatten the slopes at Frinton to a hollow 


Author’s experience of the Herne Bay cliffs led him to believe tha 
could not be achieved solely by covering the slopes with turf. 

had been experienced at Herne Bay due to the persistent dikes 
quite moderate slopes, which were thickly. carpeted with grass, 
removed from the disturbing influence of percolation of ground-water 
above. Sliding had continued to take place until surface-draina, 


ticular care had been taken to do as little damage as possible to t 
while the drains were being excavated. 
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PRESENTATION OF THE JAMES ALFRED EWING MEDAL. 447 


ae EXTRA MEETING. 
28 May 1940. 


IR CLEMENT DANIEL MAGGS HINDLEY, K.C.I.E., M.A., President, 
in the Chair. 


PRESENTATION OF THE JAMES ALFRED EWING MEDAL. 


- The President said that it afforded him great pleasure to present the 
lames Alfred Ewing Medal for 1939 to Professor G. I. Taylor, Fellow and 
Yarrow Research Professor of the Royal Society and Fellow ot Trinity 
vollege, Cambridge, who was distinguished for his development of various 
. of mathematical physics, many of which had found applications 
eat importance in the engineering field. His work on the problem 
f the turbulent fluid, with special relation to air-movements and tides, 
iad furthered knowledge of meteorology, and had been applied with 
articular success to problems of aeronautics, being of material assistance 
the fruitful use of the wind-tunnel. The practical character of Professor 
a. s researches was exemplified by his work on the torsional stiffness 
yf airscrew-blades. His work had forged new links between science and 
Beecring, to their mutual advantage. 
The Medal, the President mentioned, was awarded to a person, whether 
Resinber of The Institution or not, for specially meritorious contributions 
0 the science of engineering in the field of research. 


THE SIR CHARLES PARSONS MEMORIAL MEDAL. 


‘The President stated that the Parsons Memorial Medal was to have been 
Beontod that evening to Dr. H. L. Guy, F.R.S., M. Inst. C.E., but that, 
ywing to Dr. Guy having had to take Ses decisions consequent 
ipon Government instructions, it was impossible for him to be present 
hat evening. 

4 The Sir Charles Parsons Memorial was founded in 1936, and comprised 
he erection of a memorial in Westminster Abbey, a Parsons Memorial 
library, and an annual lecture on any of the subjects in which Sir Charles 
yas interested, to be delivered by a distinguished man of any nationality, 
whom a commemorative bronze medal was to be awarded. The lecturer 


vas nominated in turn by certain Institutions, and Dr. Guy had been 


tominated as the Lecturer for 1939 by The Institution of Civil Engineers: 
subject was “ Some Researches on Steam-Turbine Nozzle- -Efficiency.”’ 


448 THE JAMES FORREST LECTURE. 
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The Lecture was not delivered in person owing to the war, but was printe 
in the December number of the Journal of The Institution. 

The President mentioned that Dr. Guy had been Chief Engineer in thi 
Mechanical Department of the Metropolitan Vickers Company since 191¢ 
and that he was a Whitworth Exhibitioner, Bayliss Prize-winner, ana 
Thomas Hawksley Medallist, and was also a Vice-President of the Instit 
tion of Mechanical Engineers. 


JAMES FORREST LECTURE, 1940. 


The President said that the James Forrest Lecture had been estab 
lished and endowed in honour of Mr. James Forrest, who had been Secretar; 
of The Institution from 1859 to 1896, and Honorary Secretary from 1894 
until his death in 1917. 

Mr. Forrest bequeathed to The Institution some pieces of silver plat 
which had been presented to him during the course of his life. Tha 
plate was normally exhibited on each occasion of the James Fo 8 
Lecture, hut it would be appreciated that, owing to war conditions, 
was undesirable that the plate should be displayed that evening. ; 

He had great pleasure in introducing the Lecturer, Professor E. mt 
Appleton, M.A., D.Sc., LL.D., F.R.S., Secretary of the Department 
Scientific and Industrial Research, whose scientific achievements werd 
well known. Dr. Appleton had been formerly Professor of Physics in the 
University of London and Professor of Natural Philosophy at Cambridgs 
University. He was a Hughes Medallist and a Fellow of the Roys 
Society. His activities also included service as Chairman of the Bri ‘ish 
National Committee for Radio-Telegraphy and as President of the In 
national Scientific Radio Union, whilst in 1932 he was a Vice-Presi 
of the American Institute of Radio Engineers. 


4 


“ent 


“New Materials for Old.” 
By Epwarp Victor AppLeton, M.A., D.Sc., LL.D., F.B.S. 


INTRODUCTION. 


Iv is a great honour to be asked to follow the many distinguished scientist: 
who have previously lectured to The Institution under the auspices of t 
James Forrest Foundation. Two years ago, Sir Frank Smith, my pre 
decessor now in two capacities, selected, as the topic of his James Forres 
discourse!, certain problems of the gaseous state of matter. He describe 
for example, how the simple theory of an ideal gas as a conglomeration ¢ 
molecules, influencing one another only by impact, had failed to accoun 


* “ Disorderly Molecules and Refrigeratin Engineering.” Journal Inst. GE 
vol. 9 (1937-38), p. 239 (June 1938), Ene j os 
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ee. 
for certain basic physical facts ; and he pointed out that this failure had 
led to the conclusion that the gaseous molecules also exercise mutual 
attractive forces, called van der Waal’s forces, which become of importance 
when the distance between molecular centres is small. We make use of 
these forces of attraction, which are exhibited by the reluctance of mole- 
cules to part company, in practical methods of attaining low temperatures. 
_ In dealing with the subject of new materials I shall be obliged to 
strict my survey in many ways, so vast is the field which invites con- 
sideration. I shall deal, for example, only with solid materials and so 
shall have occasion to consider briefly the forces which cause a solid body 
to retain its shape in the absence of external forces, It is necessary to 
inquire, in this connexion, whether the attractive forces between gaseous 
molecules, which Sir Frank dealt with 2 years ago, are sufficient to account 
for the cohesion of solids; to ask whether they completely represent, in 
fact, the mortar with which the molecular bricks of a solid stick together. 
- Now, whenever we use a material we do so because of some property 
jor combination of properties which it possesses, and these may be 
mechanical, optical, electric, or magnetic in character. I think we are 
iged to admit that, even when in possession of the many new materials 
iow available, we cannot always find exactly what we would like. But 
at least we can claim that physical science is now sufficiently developed 
r us usually to be able to specify, with some precision, what it is that we 
rould like, and that our ability to measure the great majority of physical 
perties enables us immediately to recognize such desired qualities 
en they are present. It would be a great exaggeration to claim 
nerally that the physicist or chemist, armed with his present knowledge 
molecular structure, can sit down and formulate, ab initio, the constitu- 
n of a material with specified characteristics. We can claim that, in 
tain respects, intentional synthesis of this kind is either possible or 
y so, but there still remains plenty of scope and opportunity for 
pirical adventures. I confess that it is a matter of no great personal 
+ that this should still be so. 
It has often been said that mankind has progressed from the Stone 
e, through the Bronze and Iron Ages, to the Steel Age. But if we 
gnate any age by the more common materials used by man, it is clear 
what has been called the Steel Age is now being succeeded by the 
f plastics and alloys, about both of which I propose to say something 
his evening. 
Prastic MATERIALS. 


do not think that any development in the field of new materials has 
ited a more lively interest than the growth of our knowledge of those 
dustrially important organic. materials known as plastics. This is 
subtless due to the fact that the chemical technologist has here not 
ontent with making mixtures of known substances, but has succeeded 
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in synthesizing entirely new compounds which are daily finding new 4 
and applications.. Moreover, the scientific study of the relationshiy 
between chemical constitution and physical properties in this field 
proceeded so successfully that progress in developing new materials he 
ceased to be entirely empirical and is becoming scientifically informed. ~ 

The term “ plastic” is usually applied to substances which, durin; 
their fabrication into finished products, possess the property of plasticity 
If deformed by mechanical stress, they assume a shape which is retainee 
when the stress is removed. It is evident that such plasticity is onl: 
desirable under the temporary conditions of manufacture, since rigidi 
is required in the finished product. This rigid attaimment of the des 
shape is secured differently in the cases of the two different classes itd 
which plastic materials may be divided. The thermoplastic class co ¥ 
prises products which at room temperatures are hard, but which, liks 
ordinary paraffin wax, soften on the application of heat. On cooling 
they regain rigidity, and so can be shaped and reshaped at will. Th: 
thermo-setting or thermo-hardening class, on the other hand, consists 
materials which, once formed by heat, become permanently hard an 
infusible, and which, if reheated, decompose before they soften. Thei! 
properties are thus analogous to those of china-clay, which is plastic ana 
can be easily moulded before firmg. Durimg the firing a new constitgll 
results which cannot be made to revert to the plastic form. ; f 

Plastic materials may also be classified according to their origin. Til 
this connexion we may distinguish between natural, semi-synthetic, ana 
wholly synthetic materials, as shown in Table I.1 | 


()) 
{ 


TABLE I.—CLASSIFICATION OF PLASTICS. 


Natural. Semi-synthetic. Synthetic. 
Shellac. Casein-formaldehyde. Coumarone-indene. 

Rosin. Cellulosic derivatives :— Phenol-formaldehyde, 
Amber. Nitrate. Urea-formaldehyde. a 
Bitumen. Acetate. Aniline-formaldehyde. 7’ 
Acetobutyrate. Glycerol-phthalic anhydride. i 
Benzyl. Viny] chloride. 
Ethyl. ;» alcohol. \ 
Modified rubbers :— », ethers. | 
Chlorinated. +> esters. § 
», _ hydrocarbons (e.g. styrene). 
Acrylonitrile. - 
Acrylic acids. 1 
>» esters. ; | 


Olefine-polysulphide and other syr 

thetic rubbers. a | 
Toluene sulphonamideformaldehyde.: 
Chlorinated diphenyl. . 
Polyethylene. 


7 N. J. L. Megson and K. W. Pepper. “ Plasti nd Coal: Chemuntratan 
Industry, vol. 59 (1940), p. 247 (13 Apr. 1940), astics and Coa , misty ap 
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_ All such materials consist of amorphous mixtures of complicated and 
giant chemical molecules which do not form a regular crystalline archi- 
tecture in the rigid state. They show no true solidifying-point, and so 
they may well be included in the group of super-cooled liquids, of which 
glass is perhaps the best-known example. 

_ For the most part I shall ignore the natural plastics and concentrate 
on the synthetic products, since it is here that the most significant advances 
have been, or are likely to be, made in deriving intentional, as opposed 
to empirical, combinations. 

__ The giant molecules I have mentioned may be either chain-like or 
wweb-like in character. A chain-like molecule may be generally represented 
by the formula X—[R],,— Y, where X, R, and Y represent chemical groups, 
one of which, R, is repeated n times. In the case of polystyrene, a new 
Substance possessing very desirable insulating properties, the constitution 
y be represented by the formula 


| | | 
—~CH-CH,—| CH-CH, |,-CH-CH,- 


Bere n may be as large as 5,000. In this simple case X, Y, and R are 
dentical (styrene) groups, though in other examples of chain compounds 
his need not be so. 

- The same basic groups of styrene may also be incorporated with 
'p-divinyl benzene as cross-links to form a web-like structure, the formula 
of which may be represented by 


| | 
(H-CH,-CH-CH,-CH-CH,- 
| 
CeHy 


| 
_CH_CH,-CH-CH,-CH-CH,— 
| | 
CeH; CgHs 


nerally speaking, substances with chain-like molecular structures are of 
e thermoplastic class, whilst those made up of web-like molecules belong 
to the thermo-setting class. Oross-linked thermo-setting materials have 
usually mechanical properties superior to those of thermo-plastics, but 
this is not the case as regards shock-resistance, in which the thermoplastics 
e superior. 

Before mentioning a selection of the diverse applications of plastics, 
‘T wish to draw attention to the important fact that the raw materials 


aid to be directly derived from coal and its carbonization products. 
fact is well illustrated by the family tree shown in Fig. 1 (p. 452, post). 


m which many of the more commonly-used plastics are made can all 
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_ From the constructional standpoint the thermo-setting class of plastics 
the more important. In this connexion it is of interest to recall the 
pioneer work of Dr. L. H. Baekeland,1 who in 1908 discovered that, by 
heating phenol and formalin in the presence of an alkali, a resin was 
produced which, under the combined influence of heat and pressure, 
passed over into an insoluble and infusible form. 
as One method adopted by Dr. Baekeland was to mix the unhardened 
Tesin with a so-called “‘ filler’ of sawdust or wood-meal. Under the heat- 
and pressure-treatment the resin became plastic, filled the interstices of 
the mould, and then ultimately passed over to the hard infusible state. 
Tn another process the resin was spread on to paper, canvas, or cotton 
Sheets, and the impregnated materials were bonded under heat and 
pressure to form the final laminated product. 
— Moulded products made in this way are now extensively used for 
electrical fittings of all kinds, for loud-speaker and wireless-receiver cases, 
door-handles, ash-trays, toys, and fancy goods. The laminated products 
in which the thermo-setting resinoid is the bonding agent have also now 
found many engineering applications. The combination of 50 per cent. 
of thermo-setting resinoid with 50 per cent. of fabric or paper reinforcement 
rrovides a material which has a specific gravity of 1-36, with an ultimate 
tensile strength (4:5 to 9 tons per square inch) as high as that of aluminium 
and some of its alloys. 
_ From the engineering point of view perhaps the most spectacular 
resent-day application of this type of plastic combination is as a bearing 
terial in metal-rolling mills, the power-consumption being 20-50 per 
ent. less than when brass or bronze bearings are used. The secret of this 
fficiency lies in the fact that such rolling-mill bearings are lubricated and 
poled with water. The coefficient of friction of the laminated material 
shen water-lubricated is about one-quarter that of brass when similarly 
ricated. Gear-wheels made of the same type of material are also 
ding increasing uses, being made in all sizes and degrees of accuracy, 
rom clock-wheels to heavy mill-drives. 
_ Much attention has recently been given to the problem of improving 
he mechanical properties of reinforced plastics with a view to their 
ption as stressed members in aircraft. Using fibre fillings, laid uni- 
axially, tensile strengths exceeding 20 tons per square inch in the longi- 
adinal direction of the fibre have been obtained, whilst the compression 
ength in the same direction is 11 tons per square inch. These figures 
re really remarkable for a material with a density only half that of 
alumin and one-sixth that of steel. It cannot, however, be said that 
ich materials have yet come into general use in aircraft construction, 
ugh much use is now made in wooden aircraft of plywood in which 
older organic glues are replaced by synthetic glues of the phenol or 


1 British Letters Patent, Nos. 1921 and 1922 (1908). 
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urea-formaldehyde type. The great advantages of these synth ti 
cements are that the laminated product is both stronger and more water: 
proof, and the parting of the plies does not occur in damp conditions. | 

Transparent materials which do not fracture on impact have obvious! ul 
a wide field of application. Certain thermoplastic substances, such a 
cellulose acetate and the acrylic resins, are satisfactory i this resp 
and are now almost universally used in aircraft for wind-screens and ca’ 
windows, as well as in the production of moulded lenses. A further top 
use of cellulose acetate plastics is in the eyepieces of the gas-masks wil 
which we were all presented some time ago. } 

Quite an unexpected use for synthetic resins has followed from the 
discovery,! in the Chemical Research Laboratory of the Department 
Scientific and Industrial Research, that some of them will remove basi 
radicals from solutions, whilst others remove acid radicals. Resins suitabj 
chosen may therefore be used either to soften water, on the base-exchang 
principle, or, using a combination of resins in series, to render even sea 
water potable. 

Another example of the application of the use of synthetic resins is in 
connexion with the production of “ creaseless”’ cotton. It has be 
known now for some time, thanks to modern methods of analysis, t 
cotton fibres consist mainly of cellulose molecules which exist as long chait 
compounds. As a result of this structure, the material is relatively strong 
for longitudinal forces, but can be easily bent. Moreover, it displays vel 
little tendency to regain its shape when bent. In other words, it” 
easily creased. Since careful examination showed that the cotton fibi 
_ itself is of a porous nature, it was realized that if the air-spaces could | 
filled with some elastic substance, such as a synthetic resin, the creasil 
properties of the finished material would be greatly reduced. The wa y 
in which the desired result was achieved is of particular interest, for it 
was found that the giant molecules of the final resinous product were too 
large to enter the air-spaces, and it was necessary to impregnate the 
material with the primary substance of which the links of the chain a 


composed and to polymerize it, thus forming the chain molecules, in sift. 
7 
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Some further Examples of Chemical Synthesis. 


Much progress in recent years can be recorded in the scientific study 
of the constitution of fundamental raw materials such as rubber, cotton 
linen, wool, and silk, and in all cases it has been found that the b 
molecules are of considerable complexity. It is true that some di: 
ence of opinion exists, for example, about the exact nature of the rubb 
molecule, but it is at least generally accepted that it is of chain form, ‘ 


1 B. A. Adams and E. L. Holmes. “ Ab : ‘ oe os 
PeSec; Chem: Indiv ata (i985), pa. sorptive ee of Synthetic Resi 
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hain-length of about 12,000 A being associated with a molecular weight 
of about 180,000. The synthesis of a material strictly identical with 
natural rubber in every chemical and physical respect is still unrealized 
by the chemist, but several products with properties closely resembling 
hose of natural rubber, and for some purposes with better properties, are 
ow commercial realities. The most important methods of making 
ynthetic rubbers depend ultimately on coal, from which is derived 
cetylene, the parent substance in the family tree shown in Fig. 1 
p. 452, ante). From acetylene both butadiene and chloroprene can be 
ormed as shown in Fig. 2, 


Fig. 2. 
CH:CH 
acetylene 
| | 
CH,;:CH(OH)-CH,-CHO CH,:CH-C :CH 
aldol vinyl acetylene 
Y 
CH,:CH-CH:CH, CH,:CH-CCl:CH, 
butadiene chloroprene 


he polymerization products of both chloroprene and butadiene are 
‘ubber-like materials known commercially as neoprene and buna re- 
spectively. These products of chemical synthesis are superior in some 
espects to natural rubber. This is illustrated by the comparison set 
but in Table II, from which it is seen that, whilst neoprene and rubber 


£ Tasue II. 
Rubber. Neoprene. 
‘ensile st th: kilograms per square centi- 
Risctre. vie eA < : 3 I 216 224. 
nat break: percent.. . . . - 625 602 
: per cent. . Se" See cats 63-65 63-65 
ARON IOS: = strict fits Weta 0-110 0-110 
reentage swelling at 70° C.— 
in di i aay Wy 480 58 
in diesel oil on He 


in transformer oil . 


ve ee similar mechanical properties, the former is much superior to 
latter in resistance to the deleterious effects of oil. Neoprene is also 
erior to rubber in resisting weathering and the effects of sunlight and 
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Cotton and linen have, as their base, molecules of cellulose, whilst woe ] 
and silk, being derived from animal tissue, consist largely of protei 
All four substances can be spun because, in each case, the constituent 
molecules are of the chain variety. Artificial silk made from cellulose 
not originally derived from cotton and linen, is, of course, well known and! 
‘needs no further mention here. Recently another form of artificial silk 
called nylon, has been made entirely synthetically, and has a protein 
structure, This substance has the remarkable property that threa 
made of it can be cold-drawn to several times their original length, aft 
which they become exceedingly strong and elastic, superior, in fact, im 
these respects to natural silk. The long molecules during the draw 
process become oriented parallel to each other. _ 

Nylon at the moment is dearer to produce than rayon, but is probabl} 
cheaper than natural silk. It has a good appearance, can be given a) 
lustrous or mat finish, and can be dyed in a wide variety of colour 
whilst owing to its high tensile strength and elasticity it has weari 
qualities above the normal. Scientific research has, in fact, produ 
something better than the corresponding natural material. 


The Theoretical Tensile Strength of Synthetic Materials. 


In Sir Isaac Newton’s treatise on “ Opticks’’ there occurs these 
words: ‘‘ The Parts of all homogeneal hard Bodies which fully touch on 
another, stick together very strongly. . . . There are therefore Agents: 
in Nature able to make the Particles of Bodies stick together by very 
strong Attractions. And it is the Business of experimental Philosophy to 
find them out.’’ The task set to natural philosophers by Sir Isaac has 
proved indeed a difficult one, for only now, two hundred years later, is: 
the nature of cohesive forces beginning to be clearly understood. 

The modern theory of cohesion is essentially an electrical one, for it ca 1 
be easily shown that the electrostatic forces between the component atoms: 
of a molecule, and between neighbouring molecules in a solid structure, at 
very much greater than the gravitational forces between adjacent particles. 
Quantitative methods have now been developed by the theoretical 
physicist for calculating the tension strength and Young’s modulus of the 
molecule itself, assuming its component parts to be held together by what 
the chemist calls primary bonds, An example of this type of bond is the 
homopolar bond between two neutral atoms, where the so-called valence 
electrons form a pair and belong to both atomic nuclei in common. Th 
C-C bond and the C—H bond, which are typical examples of the linkages 
in synthetic resins, are examples of this type. 

In addition to the primary bonds between the components of a mole 
cule, the chemist recognizes secondary bonds, one example of which is 
presented by the van der Waal’s forces between neighbouring molecules. 
As was mentioned earlier, the existence of these forces was first recognize 


~ 
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in the study of gases, where the molecules are relatively far apart. The 
Tecent development of the theory of this effect showed that the van der 


1 
Waal’s force between two atomic systems is proportional to —> where 7 


‘denotes the distance between the systems. Thus it can be seen “aie these 
forces are relatively much greater in solids than in gases at ordinary 
‘temperatures and pressures. 

- Since quantitative theories are now available for the consideration of 
both primary and secondary bonds, it is possible to calculate the theoretical 
tensile strengths and Young’s moduli for substances of known composition 
and structure, and to compare the values so obtained with experiment. 
Calculations of this kind have been carried out for typical synthetic resins 
possessing web-like structures by J. H. de Boer,! the results of which are 
shown, together with experimental values, in Table III. 


a Tas_e III. 
Tensile strength: tons per square inch. 
pubataaves Calculated on Calculated on van 
primary valency der Waal’s force Observed. 
basis. basis. 
Phenol-formaldehyde 2,700 25 5-0 
Cresol-formaldehyde 2,400 23:5 2-4 


Young’s modulus: tons per square inch. 


enol-formaldehyde . . 7,000 28-5 | 377 


It will be seen that, whether we consider the tensile strength to arise 
her from primary or secondary bonds alone, the experimental value is 
ch lower than that calculated theoretically. It is curious that, on the 
er hand, the experimental value of Young’s modulus is intermediate 
ween that calculated on the basis of valency and van der Waal’s forces. 
_ The discrepancies between theoretical and experimental values of the 
ensile strengths of these thermo-setting resins is usually accounted for in 
terms of a theory proposed by A. Smekal 2 to account for similar discre- 
ncies in crystalline bodies. According to this theory flaws or Lockerstellen 
present in the substance and, at such weakened points, stresses are 
oncentrated and rupture starts. From a chemical point of view such 
kerstellen are likely to occur, since it is improbable that macro- 


1 “The Phenomena of Polymerisation and Condensation.” Faraday Society, 


don, 1935, p. 11. , 
2 Handbuch der Physik, 24 (1), Berlin, 1933. 
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molecules are produced possessing all the theoretical linkages. Many} 
reactive groups must be prevented from linking by steric conditions. _ 


Some New Meratuic MATERIALS. 


For materials of the maximum available strengths we still havea) 
course, to rely upon metallic substances, though here again there is thes 
same type of remarkable discrepancy between the experimental values off 
yield-stress and those calculated according to current theories of metalli 
structure! An estimate of the strength of a metallic crystal can 
made by a number of theoretical methods, but the values obtained are 
always greatly in excess of those measured in practice. It may be caleu-: 
lated, for example, that the maximum shear stress for a copper crystal 
should be about 400 tons per square inch, whereas the ordinary poly-' 
crystalline form of that metal has a yield-stress of about 6 tons per squar 
inch, whilst single crystals of the same material undergo plastic deformatio 
under stresses as low as 0-1 ton per square inch. It is clear from the last 


to be associated with good mechanical performance, and, indeed, the} 
recent developments of metallurgical science show that high tensil 
strengths are most readily attained in metallic systems which are notj 
simple, but composite, and in which the atomic grouping is not perfectly; 
regular, but markedly distorted. 
The influence of lattice distortion is well illustrated by the effects of 
cold-working. If an annealed metal is worked below its re-crystallizati on 
temperature, its mechanical strength and hardness increase with the 
_ amount of plastic deformation. The strength of a single crystal of coppe r 
_ may, for example, be increased to fifty times its initial value when its 
elongation attains a value of 50 per cent. X-ray examination of such 
cold-worked material reveals that the increased strength is to be associate 
with a marked distortion of the metallic space-lattice. 
Such marked lattice distortion can very readily be effected in composite: 
(that is, alloy) systems, where use is made of the variation with tempera- 


of age-hardening processes, which are much used in the light-alloy industry 
a supersaturated solid solution of one metal in another is allowed, under 
controlled conditions, to precipitate the excess material in solution. 


in a highly-strained and disturbed condition. A good example of the 
precipitation-alloy of this class is that of copper containing 2-5 per cent. 
of beryllium. In the fully-hardened state, the hardness of this material 
is about 380 on the Brinell scale, whereas the hardness of annealed copper 


* R. Fiirth, correspondence on the relation between melting and breaking. Nature 
vol. 145, No. 3,680 (1940), p. 741 (May 11, 1940). | 
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only about 40. At the same time, the ultimate tensile strength of the 
loy is found to be of the order of 80 tons per square inch, which may be 
bmpared with the corresponding value for cold-worked pure copper of 
tons per square inch. 

- Considerable progress is also to be recorded in the development of 
saterials for cutting-tools and dies. I select for mention in this connexion 
he range of sintered metallic materials, for which the process of manu- 
yeture is somewhat analogous to that employed in the case of ceramics. 
ach materials are prepared from ingredients in the form of fine powders, 
hich are pressed to shape and subsequently heated to a sufficiently high 
pmperature for bonding of the individual grains to take place. Since 
mplete melting is not necessary, this process is particularly suited to the 
ubrication of high-melting-point metals and metallic carbides. A very 
mportant development of such sintered materials is the production of 
itting-tool tips from tungsten carbide, titanium carbide, and cobalt, 
he cobalt acting in this case as a bond. The employment of such tool- 
ps has permitted the acceleration of a large variety of machining 
perations. Owing to the high melting-point of the carbides and the 
platively small amount of bonding material, there is very little thermal 
sftening at the cutting-edge of the tool, even when the rate of metal- 
emoval is considerably in excess of that attained when ordinary high- 
need steel tools are used. In munitions manufacture, such metallic 
arbide tool-tips are now in use capable of removing 10 lb. of metal per 
nute, the life of the tool between grinds being about 6 hours. Dies 
th a hardness approximating to that of the diamond are made from 
intered carbides, and are extensively used nowadays in the wire and tube 
rawing industries. 

The above remarks refer to examples in which the physical properties 
alloys are of special interest, but certain chemical properties, such as 
istance to corroding media, sometimes become outstanding desiderata. 
ere are, in general, two ways of securing corrosion-resistance. One is 
> use, as an alloy-component, passive metals such as platinum, rhodium, 
nd tantalum. The other method is to select the alloy constituents and 
heir proportions so that the products of corrosion act in such a way as to 
m a protecting barrier between the metal substance and the surrounding 
dium. Chromium, for example, is readily oxidized, and the oxide 
ace-film, being tenacious and continuous, effectively stops progressive 
‘dation. It is such a film, imperceptible to the user, which is utilized 
the case of the well-known rust-resisting chromium nickel steel, which 
ntains 18 per cent. of chromium and 8 per cent. of nickel. — 

‘Cast iron is well known to the civil engineer for its uses in dock and 
arbour work, pipe-lines, etc. During the past 15 years intensive research 


as explored t 


elatively high-carbon cast irons to the lower carbon members of the range, 
pproaching the steels. Asa result, a series of virtually new cast materials 


00 


he whole range of iron-carbon alloys, from these ordinary ge 


(roe 
v- see 
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has been evolved, possessing practically any desired ferrous metallurgica 
structure and having a wide range of properties. Controlled composi 
with or without alloy additions, heat treatment, and special process 
are features in this development, of which the cast crankshaft for aut 
mobile and other engines forms a characteristic example. 

Perhaps I may refer in particular to one of these special cast ir 
developed by the British Cast Iron Research Association, and consis‘ 
of nickel and chromium added to a cast iron containing silicon. A cass 
has been reported in which a material of this class, Nicrosilal, used in a tas 
still, has given three times the service of stainless steel without by anz 
means reaching the end of its useful life. Mild steel in the same connexion 
gave only one-tenth the service of stainless steel. f 

' 


THe THEORY oF DIELECTRIC MATERIALS. 


I now turn to the electrical section of the range of new materials anc 
select, for more detailed consideration, electrically insulating material 
since it is generally recognized that among the various technical problen 
which confront the electrical engineer, those presented by the limitat 
of dielectrics are of outstanding importance. Before proceeding, howevet 
to mention examples of new materials in this class it may, I think, b 
helpful if I say a word or two about the theory of dielectric action. 


Figs. 3. 
(a) (b) 
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For this purpose let us consider the case of an electrical conden | 
with a dielectric between its plates, which, for simplicity, we will: imagin 
consists of spherical molecules. In Fig. 3 (a) the condenser is shown ux 
charged, whilst in Fig. 3 (b) charges are shown on the condenser-plates 
which cause the molecules to become polarized by induction. It will reat 
be seen that the influence of the polarized molecules, or temporary electri¢ 
dipoles as we may call them, is such as to neutralize the electric influ 
of the condenser-plate charges, and the potential-difference between 
plates is less than if the dielectric were replaced by a vacuum. Thus 
condenser with a dielectric, the molecules of which behave as shown, 
hold a greater charge on its plates, for the same potential-difference, thar 
will a condenser without a dielectric. Putting matters in another way 


we can say that the presence of the dielectric increases the capacity of 
condenser, . : = | 


. ue 


1 J. G. Pearce. “ Cast Iron Research and the Gas Industry. Trans. 
Engrs., vol. 87 (1937-8), p. 986. 
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Now this simple picture of the dielectric under electric stress as a 
polarized molecule tells us immediately that its influence in increasing the 
pacity of the condenser will increase with the number of dipoles per unit 
plume, and will also increase with the magnitude of the dipole moment. 
i our search for materials with high dielectric constants, we must therefore 
2 on the look-out for a relatively dense substance and also for one, the 
olecules or atoms of which polarize readily under the influence of an 
ectric field. 

_ The influence of density is very effectively shown by a comparison of 
1 values of the dielectric constant of titanium oxide for the three crystal 
ms in which it is found in nature (Table IV). 


TaBLe LV. 
Rutile. Brookite. Anatase. 
4-21 4-11 3:87 


m dielectric constant . 114 78 48 


| Here we see that the value of the dielectric constant increases with 
nsity ; so that, if we wished to use titanium oxide as a component in an 
sulator for which a high dielectric constant is required, we should employ 
densest form of it, namely, rutile. 
The second requirement of the dielectric is that its molecules should 
ize readily, that is to say, that the electrons in its atoms should easily 
strained by forces slightly out of their usual positions. Under the 
ence of alternating electric forces, the electric moment of the dipole 
nges sign periodically in obedience to the electric field changes. There 
, however, a number of substances, the molecules of which incorporate 
manent electric dipoles. Such substances usually possess, as we might 
pect, a high dielectric constant. Under the influence of an alternating 
d the permanent dipoles tend to rotate, but such motion is subject to 
cies of friction, and energy is dissipated within the body of the di- 
ric. Solid substances possessing permanent molecular dipoles are 
fore not usually suitable for use as dielectrics, because of their high 
wer-factor. The ordinary electron polarization of atoms under the 
uence of electric forces is a frictionless process and so is not accompanied 
an energy-loss. Even in the case of substances not containing per- 
nent electric dipoles, however, it is always found that there is some 
ctric loss which may be due to the presence of small quantities of 
isture between or adsorbed on the surface of internal discontinuities. 
Since substances with permanent electric dipoles would be strong 
anically because of the high van der Waal’s forces between adjacent. 
lecules, a look-out is being kept for substances in which the motion of 
dipoles is restricted under alternating electric forces, and thus internal 


need for a low power-factor is especially acute when the frequency is hig 
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loss is prevented. It is interesting to note in this connexion, as poin 
out by E. B. Moullin,! that in the case of certain organic compounds, 
molecules of which embody two equal and oppositely-polarized permanen 
dipoles, the dielectric loss, as measured by the power-factor, is low. D 
j 
Some Practical Examples of New Insulating Materials. 


Before mentioning some examples of new insulating materials it isi 
I think, important to bear in mind that the properties of any dielectria 
must be considered in relation to any particular application, since different 
properties are desirable in different connexions. In high-voltage wor 
for example, electric strength or resistance to breakdown is all-important 
but here it may be noted that such breakdown may be of a surfac 
character. By contrast, the telephone engineer, who employs relativ ly 
low-voltage circuits, is not so much concerned with electrical breakdow: 
with wastage and electrical losses. He requires the insulating materk 
around his telephone cable to have a low dielectric constant, so that the 
alternating current leakage to earth is as low as possible. He als 
requires the insulating material to have a low power-factor so that energy 
is not dissipated as heat in the body of the insulator. On the other hand! 
the maker of a condenser for high-frequency work seeks materials wi 
high dielectric constant, so that rapidly-alternating currents will pas: 


through it with little obstruction. Since, however, the rise of temperati re 
in a dielectric (which is, of course, undesirable) is proportional to the 
product of the dielectric constant, the power-factor, and the frequency, t 


It will be remembered that 20 years ago the insulating panels of wi 
less sets were made of ebonite, a compound which is made by heati 
rubber and sulphur together. Now whilst ebonite has excellent mechanic 
and electrical properties, it possesses the grave disadvantage that, 
exposure to light and moist air, part of the sulphur becomes oxidized, wi 
the ultimate formation of sulphuric acid. Not only does the surface 
insulation deteriorate because of this, but also the acid is apt to attael 
metal terminals and other fittings on the panel. 

In modern mass-produced radio sets the insulating parts previousl} 
made of ebonite are now made of a filled thermo-setting resin such a 
bakelite. Although such materials are inferior electrically to ebonite 
they have, in addition to their useful moulding properties, the advantag 
of not suffering surface-deterioration on exposure to light and moisture 

Another panel material which is strong mechanically and will withstan 
high temperatures is ‘‘ mycalex”’, a material consisting of powdered mic 
bonded with borates of lead and sodium. It is less brittle than glass an 
can be worked relatively easily mechanically. Although its power-facto 


* “The Molecular Nature of a Dielectric.” Journal Instn, Elect. Engrs., vol. 


(1940), p. 113 (Feb. 1940). 
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s not so low as that of mica, it is lower than that of ebonite at radio- 
requencies. : 

- For high-frequency work, however, materials with better dielectric 
properties than those of anything yet mentioned are now available. It 1s 
, well-known fact that hydrocarbons are usually good dielectrics, so that 
;is not perhaps surprising that the thermoplastic substance polystyrene, 
hich has in its constitution no polar groups, was found to have good 
lielectric properties. It is a glass-like substance with a low dielectric 
onstant and extremely low power-factor. It is therefore an excellent 
nsulating material for the construction of insulating supports in high- 
requency work, where the product of the dielectric constant and the 
yower-factor is required to be low. One disadvantage of polystyrene is 
that it softens at 60°C., solidifying, of course, like other thermoplastics 
yn cooling. It must therefore be drilled rather carefully, water being 
lowed to drip on the drill to prevent the temperature rising unduly. 
‘or use where rather better mechanical properties are necessary, acrylic 
seid and ketone resins are to be preferred. The electrical properties of 
hese substances are more useful for the construction of bolts, nuts, and 
screws in apparatus where the use of metal is not permissible or is un- 
fesirable. The primary standard of mutual inductance of the National 
Physical Laboratory is, for example, supported on three levelling screws 
made from a ketone resin made at the Chemical Research Laboratory. 
Both the screw and the bushing on which it works are made from the 
resin, the total load being of the order of 1 cwt. 

_ An interesting example of a dielectric material suitable for use in fixed 
condensers is the ceramic in which the principal constituent is rutile, the 
densest crystalline form of titanium oxide. Since rutile possesses a very 
high dielectric constant (about 170 for electric fields in the direction of the 
<is and about 90 in a direction at right angles to this), it is possible to. 
ake materials, consisting of rutile and a suitable binder, with dielectric 
nstants ranging from 20 to 100. 

_ The rutile ceramics, however, have the disadvantage that the dielectric 
constant decreases with increase of temperature. Other ceramic materials, 
buch as those made with steatite instead of rutile, show just the opposite 
pfiect, the dielectric constant increasing with increase of temperature. 
It is therefore possible to make a mixture of the two which has a negligible 


temperature-coefficient. 


Ras} 


- Tar NATURE OF FERRO-MAGNETISM. 


I turn now to the subject of magnetic materials, but before drawing 
attention to certain practical examples I wish to say a few words about the 
1eory of such materials. Though it is true, as Faraday first showed, that. : 
1 substances respond to some extent to magnetic forces, the magnetism 
duced by such forces in metals like iron, cobalt, and nickel is so very 
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pronounced and exceptional as to require quite separate theoretical C 
sideration. Why should these elements, which do not exhibit cor 
ponding abnormalities in their chemical and other physical properties, 
so specially privileged as regards their magnetic qualities? Afte: 
least a century of theoretical speculation, it is only within the last 1 
years or so that the theory of ferro-magnetics, for that is the class-name ‘ Gl 
these exceptional elements, has shown indications of maturity. Evex 
now the story is largely qualitative, but I think we can feel fairly confiden 
about the accuracy of its main features. 
Since we know that atoms contain moving electricity in the form ¢ 
rotating electrons, we have no difficulty in identifying each atom as # 
elementary “ magnet,” for a rapidly-moving electron is equivalent to @ 
electric current and must correspondingly be regarded as producing 
associated magnetic field. Modern atomic theory, however, tells us 
the motion of the electron is of a two-fold character. Not only doe 
travel in its orbit round the nucleus, but also it spins about an axis throug 
itself. Both orbital and spin motions are therefore responsible for thi 
magnetic field associated with the atom. 
Since atoms behave like elementary magnets, we might expect them 
align themselves immediately under the action of an improved magne 
field. Owing to the thermal motion of atomic agitation and rotation, he 
ever, which only disappears at the absolute zero of temperature, si 
alignment is rendered difficult. Atoms receive blows from all quart 
which tend to prevent the maintenance of a common orientation. Iti 
difficult, as we all know, to keep facing one way in a jostling crowd. . 
In the case of atoms of the ferro-magnetic class, however, it turns Ov 
that there is a spirit of co-operation which is markedly absent in the cas 
of the rest of the elements. Whole colonies of atoms, even in the absent 
. of an external magnetic field, are found to align themselves merely as: 
result of interaction between themselves. Such “ domains,’ as they az 
called, usually consist of 1014 to 1015 atoms occupying about 10-8 to 10- 
cubic centimetres in volume. . In the unmagnetized state these dome 
are pointing in all directions, so that the external magnetic effect of 
solid is nil. When a magnetic field is applied, however, the domaini 
one by one, are turned, until, with increasing field, they are all pointing i 
i the same direction and the specimen is said to be magnetically saturate 
In our inquiry concerning the origin of ferro-magnetism we can I 

put our question again, but this time a little more precisely : why 
magnetic domains form more readily in iron, cobalt and steel than in t 
case of other elements? Since the atomic magnetism arises from t 


+ orbital motion or the spin-motion of the electron, it is clear that, in 
3 domain, there must be some inter-atomic force which aligns the orbits 
. the spin-axes or both. It was the theoretical physicist Heisenberg 1 wh 


1 W. Heisenberg. “ Th c : CANN gy k F 3 voll 
(1928), 9. 610. g eory of Ferro-magnetism.” Zeitschrift fir Physik, ve l. 
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1928, first showed that such forces are electrostatic in character and 
at, as a result of them, it is the axes and directions of rotation of the 
ectron spin which are aligned in a domain. There are no correspond- 
gly potent electrostatic effects tending to align the electron orbits. We 
wn thus quite correctly state that we have identified the ultimate and 
ementary magnetic particle as the spinning electron itself. 

‘These electrostatic forces of alignment, of “ exchange interaction” as 
ey are termed, are, of course, operative in the case of all atoms; but the 
sults are different in the case of the ferro-magnetics from those in the case 
* the other elements. The electrons around an atomic nucleus are dis- 
ibuted in shells which, with increasing atomic number, are filled up from 
)e inner shell outwards. Now the aligning forces are particularly strong 
atomic separation 


radius of electron shell 
or the third shell of the ferro-magnetics, this quantity is of just the 
quired order and we have the alignment of the spinning electrons in 


hen there is a certain value of the quantity : ( 


Iam sure that this explanation will recall the magnetic theory of the 
te Sir James Alfred Ewing.! described by him on the first of the two 
peasions when he delivered the James Forrest Lecture. If, for his 
molecular magnets,”’ we now read “ magnetic domains,” we can retain 
essentials of his theory, which provides a vivid explanation of such 
magnetic phenomena as hysteresis and saturation. 


Tew Magnetic Materials. 

The science of magnetism is sufficiently developed for us to be able to 

ecify the particular quality we require a magnetic material to possess for 

successful use in a particular way. For the core of a telephone trans- 

mer, for example, we require the material to acquire an intense mag- 

‘ization under a weak imposed field. We require, as we say, @ high 

meability. We also wish the magnetization to disappear when the. 
nosed field is removed ; that is, the magnetic remanence must be low. 

ft iron is more suitable than steel in this respect, but the ferro-nickel alloy 

own as “ permalloy ” (containing 78 per cent. of nickel) is better than 

her, its initial permeability being 12,000, as opposed to something over 

0 for soft iron dynamo-sheet. A further improvement in the properties 

permalloy can be produced by the addition of a small percentage of 
nolybdenum, chromium, or copper. 

For the core of an alternating-current transformer we know that the 

nagnetic processes should be as reversible as possible, so that hysteresis 

ects do not give rise to the wasteful heating of the core in actual working. 


1 “Magnetism.” Minutes of Proceedings Inst. C.E., vol. OXxxviii (1898-99, 
TV), p. 289, A 


- the magnetizing current, it is found that the specimen retains a cert 


force, by reversing the current in the magnetizing coil, we can, 
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Such heating is also restricted if the electrical resistance of the core is higk 
Magnetic measurements on various materials show that soft iron woul 
satisfy our requirements in the first respect, as its hysteresis-loss per cyel 
is only of the order of 3,000 ergs per cubic centimetre for a maximum flux: 
density of 10,000 gauss. For the well-known silicon-iron alloy containint 
approximately 4 per cent. silicon, due originally to Sir Robert Hadfielcr 
the corresponding figure is only 1,500 ergs per cubic centimetre, whils 
the material possesses the additional advantage that its electrical resistane 
is high. Yensen and Ziegler! have shown, however, that by progressivel: 
reducing the percentage of impurities—notably carbon and oxygen—th 
hysteresis-loss in both iron and iron-silicon alloys can be reduced td 
values of the order of 100 ergs per cubic centimetre. The labour involve 
in the purification process is very great, however, and such material: 
are not available commercially. Of commercial materials the nickel-iron 
alloys again offer the best characteristics, provided that only weak field: 
are applied, the hysteresis-loss being only about 50 ergs per cubic centi: 
metre for a maximum flux-density of 5,000 gauss, and they are extensively 
used.in current transformers and in transformers for use at high frequencies: 

Probably the most striking improvements in magnetic materials, how’ 
ever, are to be noted in those used for making permanent magnets. Here 
another magnetic characteristic is the measure of suitability. If) 
magnetize a ferro-magnetic ring specimen to saturation and then cut 


— 


amount of its magnetization. We state the magnitude of this retai 
magnetism in terms of its remanence. If now we reverse the magnetizing 
gradually increasing the value of the current, destroy the magnetizat: 
in the specimen, In the phraseology of the day, we “ degauss”’ it. 
magnetic force necessary to destroy the magnetization is called th 
“coercive force.” Evidently a material with a high coercive force w 
tend to maintain its magnetism in spite of adverse magnetic influence 
Now a permanent magnet tends to “ degauss” itself, because of th 
action of its own free north and south poles. That is why, in the past 
permanent magnets were made as long as possible. The discovery + 
new materials with high coercive force now enables us to make muc¢l 
shorter and more permanent magnets. Whereas at one time carbon stee 
was the only available substance of this type, we now have a number o 
new alloys which are greatly superior in performance. First of all it wa 
discovered that tungsten steel had a higher coercive force than any pré 
viously known substances. Then it was found that a 35-per-cent. cobé 
steel was still better. Such cobalt steel is now much used for the pel 


* T. D. Yensen and N. A. Ziegler. ‘ Magnetic Properties of Iron as affected 1 
Carbon, Oxygen, and Grain-Size.” Trans. Amer. Soc. Metals, vol. 23 (1935), p. 5! 
(June 1935) ; “Effect of Carbon, Oxygen, and Grain-Size on Magnetic Properties | 
Tron-Silicon Alloys.” Ibid. vol, 24 (1936), p. 337 (June, 1936). | 
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manent magnets of wireless sets. Hight years ago it was discovered in 
Japan that an alloy of approximately two parts of iron to one of nickel 
and one of aluminium, cooled from the melt in a certain way, was superior 
to anything yet discovered. A small magnet made of this alloy is capable 
of supporting a weight of 56 lb., although its own weight is about 2 oz. 

_ Still further improvement has been effected by the addition to the 
ton-nickel-aluminium alloys of small percentages of cobalt and copper. 
[he resulting complex alloy, known as “alnico”’, provides the most 
powerful permanent magnet material at present available commercially, 
although claims have been made in Japan that an alloy of iron, cobalt, 
nickel, and titanium has an even larger coercive force. 

_ It cannot yet be said that the theoretical physicist is ready with a 
somplete explanation of the origin of the remarkable properties of these. 
new magnetic materials. Using the weapon of X-ray analysis, however, 
he has been able to distinguish clearly between the different solid struc- 
tures which result from cooling liquid alloys at different rates, and has 
already been able to recognize that a high state of internal local strain 
within the body of the material appears to be necessarily associated with 
he exceptional coercive force. The new permanent-magnet alloys were, 
it is true, discovered by empirical methods, but further systematic study 
of the relation between internal properties and molecular behaviour may 
well be expected to lead to the synthesis of combinations of elements 
with even more remarkable characteristics. 


CoNCLUSION. 


I have now completed what, I fear, has been but an inadequate survey 
f the way in which scientific inquiry and experimental measurement, with 
ow and again an empirical enterprise, have led to the discovery of better 
aterials for practical use. Physical science, as we know it to-day, grew 
iginally out of the study of practical lore, and even since it began to stand 
n its own feet as an independent theoretical interpretation and shorthand 
escription of nature, it has often received fresh stimulus by coming back 
© practical problems. The study of the solid state is now proving a 
rtile, if yet a difficult, field of inquiry for the theoretical worker, and there 
sn be little doubt that when we possess a deeper understanding of the 
rays in which atoms and molecules cohere to form solid substances, both 
simple and compound, we can expect such fundamental knowledge to 
oint the way to yet further practical improvement. The philosopher 
rancis Bacon, about 300 years ago, used to distinguish between those 
ssults of science which proceed from light-giving experiments (experimenta 


1 Novum Organum, Book I, Aphorism xcix. 


Tucifera) and those which follow from experiments of practical utility 
(es perimenta fructifera). It is true that the theoretical worker is consumed 


societies were associated. The subject of plastics had been selected for 


ee 
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mainly by his curiosity to know and understand all about things. 
desires to bask, shall we say, in the light of understanding. But the resv 
which Bacon called lucifera certainly provide the surest, and often indi 
the quickest, way to the other kind of results which he called /ructifera 
Yet, in the partnership of science and practice, the assistance rendered is 
by no means always in one direction. Science has grown out of practienl 
knowledge and it has nothing to gain, but indeed much to lose, by forget t 
ting or neglecting to seek further inspiration and assistance from its) 
origins. } 
In conclusion I wish to record the friendly counsel and assistanee 
received from many of my colleagues of the Department of Scientific am 
Industrial Research in the selection of the subject matter of this disco 


Sir Leonard Pearce, in moving a vote of thanks to the Lecturers 
observed that Dr. Appleton’s address discussed the very fundamenta 
of the profession, since theory and practice depended to a high deg 
upon the solid materials available for design and construction; tl 
discourse had dealt with materials from the Steel Age through that 0 
plastics to that of alloys. In connexion with the subject of plastics an id 
synthetic materials, to which a large proportion of the Lecture had been 
devoted, it was of great interest to hear of the remarkable physica 
properties and physical strengths of certain plastics, and it was perhaps 
opportune to refer to the impetus given to the subject of materials and 
their testing by the setting up of a Joint Committee in Great Britai 
in whose work no less than 26 per cent. of the electrical Institutions a: 


the next symposium. The Lecturer had also dealt with the use of di- 
electrics in electrical engineering, which had exercised a profound influence 
upon modern high-tension cable systems and transmissions. The Lecturer 
had dealt with alloys with special regard to their magnetic properties. Ii 
was perhaps too much to hope that, having regard to the extensive ground 
covered by the Lecturer, he would find himself able to deal subsequenthy 
with the question of steel alloys, which, by their properties of resistane 
to creep and oxidation, had played such a profound part in the development 
of the steam cycle, resulting in striking increases of pressure and tempera 
ture, with consequent enormous savings in the fuel-consumption require 
for power-production. a 
Mr. Asa Binns, in seconding the motion, gave instances from his o 
experience, showing how difficult it was for a practising engineer to kee 
up to date with the rapid advances in fundamental science. Dr. Appletc 
had performed a valuable service to the profession in bringing to lig 


heb of which engineers were aware, but which they were inclined t 
neglect. 


The motion was carried by acclamation. 
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ORDINARY MEETING. 
11 June, 1940. 


is Sir CLEMENT DANIEL MAGGS HINDLEY, K.C.I.E., M.A., 
"4 President, in the Chair. 


\ 


_ The Council reported that they had recently transferred to the class of 


a Members. 
URRAY Barctay Buxton, M.C., M.A. Rosert Lewis McIuMoyte. 
(Canitab.). CuarLes ARTHUR RiISBRIDGER, B.Sc. 
mitre Lockton Forwoop, M.A. (Eng.) (Lond.). 
-(Cantab.). WALTER SEPTIMUS STREDWICE. 
| had admitted as Siedantes 
RTHUR [AN ADAMS. JoHN ALLISTER LOE. 
[TOHAEL OLIVER BARRETT. James PrypE McBuratu. 
Hrnest HucH BEeaRE. Witu1am Eric McTrRusty. 
‘Davip WALTER BISACRE. Pau Crom Marks. 
JLLIPARAMPIL GEORGE CHACKO. LronaRp Marmion. 
JoHN CHATTAWAY. Evian Mrexrn. 
RONALD WILLIAM CROKER. Franois Vrioror Montcomery, B.Sc. 
Macponatp Sruart Guorce CULLI- (Eng.) (Lond.). 
“MORE. Joun Howarp Moon. 
Artur Pxuinie NEWELL. 
AN LAWRENCE EAGLES. Grorcr Herpert NicHoLLs. 
THUR GEOFFREY EDWARDS. Huan Oaitvir Parerson, B.Sc. (8. 
RonaLD BeRNnaRD ELLIorv. Africa). 
HARD JOHN GODDEN. EDWARD PuHILIe PEARN. 
RKAT Ram GOEL. Kerra Newton PowELt. 
Ropert MorPHet HAYTHORNTHWAITE. RogBert EpwaRD ROGERS. 
JOHN EDWARD Victor HoLMEs. JoHN GERARD SHERRY. 
Jack Huacrys. BRYAN JOHN SMITHSON. 
MERRICK GRAHAM HuRTLEY. Prrcy GoRDON SPENCER. 
NDRIK JOHANNES JOUBERT. Witrrip ALAN STOKES. 
sopERT Dovanas Kirkpatrick, B.Sc. ANpDR& TOHERNAVIN. 
(Witwatersrand). VETTIVELU THAMBIPILLAY. 


ETER LAWSON. Kanp1aH THURAISINGHAM, . 
onN Gwynne Luoyp, B.Sc. (Eng.) Norn Vincent BLUNDELL WHITEHOUSE. 


" (Lond.). 

_ The President put to the Meeting a recommendation by the Council 

that Sir Edwin Landseer Lutyens, K.C.I.E., President of the Royal 

.cademy since 1938, be elected an Honorary Member of The Institution. 

observed that Sir Edwin Lutyens was probably the most distinguished 

architect of the time. The Institution was especially indebted to him for 
ne advice that he had given in the laying-out and planning of the 
enevolent Fund Homes at Haywards Heath ; he had taken great interest 

M that work, which he had carried out in an entirely honorary capacity. 

_ The recommendation was agreed to by acclamation. 


Associate Members. se 
ornare Rovau Apams, Jun., B.Se. (St. JoszpH Evetyn Frrnon ANDERSON, 
ndrew’s), Stud. Inst. C.E. B.Sc. (Manchester). : 

i Am ALLEN, B.Sc. (Belfast). Joun APSE, 


The Scrutineers reported that the following had been duly elected as _ 


ol fF os a. “( 
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Ewart KenNETH ASTIN. 

Ronatp Ernest Dupiey Bary, B.A., 
B.A.I. (Dubl.). 

Jat Dev BATRA. 
REGINALD WALTER Bisuop, B.Sc. (Eng.) 
(Lond.), Stud. Inst. C.E. { 
Joun Scosnett Borssrer, B.Sc. (Bir- 
mingham). 

Joun Bouton, M.Eng. (Liverpool). 

Tuomas GroRGE WILLIAM Boxatt, B.Sc. 
(Eng.) (Lond.). 

HeRBerRt JAMES WILLIAM BRADDICK, 
B.Se. (Eng.) (Lond.), Stud. Inst. C.E. 

Jack Epwarp Bott. 

LAURENCE HUMPHREY CARDER. 

JAMES ANDREW CASHIN. 

Wrii1am Epwin CHARLES CHAMBERLAIN. 

DonaLp Duncan JOSEPH CLARKE, B.Sc. 
(Eng.) (Lond.). 

CHARLES LEs~igE CLaytTon, Stud. Inst. 
C.E. 

Lzronarp Evan Losack CoLEemMan, B.Se. 
(Eng.) (Lond.). 

Harry Couns. 

DonaLp WiLLIAM CRACKNELL, Stud. 
Inst. C.E. 

Denys Watton CrawsuHaw, Stud. Inst. 
C.K. 

ee CaLLow CREGEEN, Stud. Inst. 

E 


Davip Stmpson CurnHity, Stud. Inst. 
C.E 


Wu114M Davins, B.Sc. (Glas.). 

ALBERT DE Barr. 

NicHotas CHARLES CALLARD DE JONG, 
B.Sc. (Eng.) (Lond.). 

Srpnry Faver, B.Sc. (Eng.) (Lond.), 
Stud. Inst. C.E. 

CHRISTOPHER EVELYN Frnwiok, M.Sc., 
B.E. (New Zealand). 

Epwarp Fisu, B.Eng. (Sheffield). 

Exnust REGINALD GAMBRILL. 

CHARLES BLAcK GLENESK. 

Lustre Gorpon, B.Sc. (Edin.), Stud. 
Inst. C.E. 

ARNoLpD MarsuaLt GREENWOOD. 

Joun Eric Gust, Stud. Inst. C.E. 

Aurrep HammeErton. 

Joun Henry Roprriok HasweE tL, B.Sc. 
(Eng.) (Lond.). id - 

Joun Marsuary Hircnen, 

Aubert Lustre Hopson, B.Sc. (Eng.) 
(Lond.). 

Grorcr Ernest Horas. 

Lestrr Ernest Hunter, M.Sc. (Eng.) 
(Lond.). 

Prroy Wi11am Hypg, B.Sc. (Leeds). 

Grorar Harotp Banks JACQUES. 


BERNARD WALTER JAMES, B.Sc. (Edin 
AuuAN Lister, B.Sc. (Leeds). 
GILBERT LittL4, B.Sc. (Glas.). 
Lioyp HrrwortH MANSFIELD. 
Harry Hersert Marcary, ML. 
(Cantab.), B.A. (Commerce) (M 
chester), Stud. Inst. C.E. 
Denis DraRMAN MATTHEWS, 
(Oxon.), M.Sc. (Eng.) (Lond.). 
Joun Hurron Matruews. 
Davin Crott Mine, B.Sc. (Glas.). 
Tuomas Lyte Morean, B.Sc. (Wales), 
ALFRED Epwarp Murray, B.Se. (Al 
deen). 
RonaLtp NrrpHam, B.Se. Tech. (Me 
chester). ; 
James Tuomas Nostz, Stud. Inst. C.E 
Rosert Evers NoRMANTON. 
JAMES OSENTON. 
JOHN THEODORE PARTINGTON, 
Inst. C.E. 
FrepErRIcK Nort Brewster Pa 


RicwarD Pavry, B.Sc. (Eng.) (Lond.), 
Wiri114M GLANVILL Parties, B.A. (Can 
tab.), Stud. Inst. C.E. 
Joun ALBERT PosForp, B.A. (Ca 
Stud. Inst. C.E. 
FRANK VERNON POWELL. 
Kanuru LAKSHMAN 
(Madras). 
Eric Grorcr Rosgrns. 
Norman Srptry Rosrnson. 
Witiram Rorinson, 
GrorGE ALEXANDER RorTINorFr, 
(Cantab.). 
CUMARASWAMY 
(Glas.). 
Ernest Haroitp SripweE .t, Stud. 


Rao, 


SABARATNAM, 


LEONARD JAMES SIMPSON. 
Roy Groree Sypnry Smart. 
Wit114M Russet SMELLIE, B.Sc. (Glas. 
Harry Ciirrorp Smtr. 
HERBERT Eaton Stone, Stud. Inst. C.F 
Harotp Cwyartes Swarrietp, B.S8e 
(Eng.) (Lond.). <a 
CHARLES TwyNam Trycuennh, M. 
WitFRED Arscotr TinBroox, M 
(Sheffield), Stud. Inst. C.E. 
JOSEPH TURNBULL. 
Joun Brian Watton, B.Sc. 
(Lond.), Stud. Inst. C.E. 
JAMES SANDERSON WARDELL. 
Haroip Grorcr Jonn Watson. 
Srpnry Grorcre Krrvi, Waicut, 
Inst. C.E. 
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S ANNUAL GENERAL MEETING. 
l: 11 June, 1940. 


f SIR CLEMENT DANIEL MAGGS HINDLEY, K.C.LE., M.A., 
5s President, in the Chair. 


- The President, in moving that the Report of the Council for 1939-40, 
js published in the June 1940 number of the Institution Journal}, be taken 
$s read, observed that it had been usual to read the Annual Report at 
jhe Annual General Meeting, but the Council had thought it advisable 
nder present circumstances to dispense with that reading and to publish 
e Report in advance in the Journal. 

_ Mr. R. G. Hetherington seconded the motion. 


4 The motion was agreed to by the members present. 


The President, presenting the Report of the Council for 1939-40, 
id that it was laid down in the By-laws that at the Annual General 
fleeting the Report of the Council should be received and deliberated 
ypon. He wished to take the opportunity to comment on a few of the 
ore important points dealt with in the Report, and then he would propose 
1at the Report be received and approved. After that resolution had 
een seconded, it would be open to any member to raise any questions 
n and to discuss the Report, and then the resolution would be put to the 
meeting. 

" The procedure that was being adopted at the meeting was, in fact, a 
eversion to the procedure which The Institution had followed in its early 
lays, when it was customary for the President to review the work of the 
bers at the close of the session. In 


f engineering. Unfortunately, that custom was one of those which The 
nstitution had had to forego owing to the outbreak of war. In spite of 
fact that it had been necessary to discontinue meetings during the 
y part of the war, it was found possible to resume meetings subse- 
mtly and to carry out a satisfactory programme during the session, 
ch had been extended to the end of May. 

The President reminded the members of the award of the James _ 
ed Ewing Gold Medal for Engineering Research to Professor (oe 


1 Journal Inst. C.E., vol. 14 (1939-40), p. 348. 


on Mr. Bruce Ball, the late President of the Institution of Mechani 
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Taylor, and of the award of the Charles Hawksley Prize to Mr. W 
Blackmore, a Student, for his design of a water-tower In reinforced cone 
That design was an excellent one, and it was an encouraging sign tha 
Prize should have been won by a Student in the face of somewhat ke 
competition. 
The war had rendered it necessary to cancel the Annual Dinner and 
1940 Conversazione, but The Institution was able to arrange a Lune 
on the 19th April 1940, and was greatly honoured by the presence of 
John Anderson, Home Secretary, and Sir John Reith, then Minister | 
Information. Those gentlemen had addressed the members of ft 
Institution at the Luncheon, and their speeches had been reported in 
the Institution Journal for June 1940. It was worth recalling the ver! 
high tribute which Sir John Anderson had paid to Civil Engineers a 
their assistance in civil defence work generally, and he (the Presider it 
would like to remind members of the stimulating and encouraging wo 
in which Sir John had directed attention to the part which engineers 
would have to take in post-war reconstruction. iq 
The cancellation of the American visit had been a matter of great 
disappointment ; but there had been a very happy sequel in the informal: 
Luncheon at which the Councils of the Institutions of Civil and Mechanical 
Engineers had entertained Mr. Kennedy, the American Ambassador, 
when he had presented the Diploma of Honorary Membership of the 
American Society of Civil Engineers to Mr. W. J. E. Binnie, the late 
President of The Institution, whilst a similar honour had been conferreé 
on the same occasion by the American Society of Mechanical Enginee 


Engineers. That was a welcome sign of the cordial relations which exis 
between the Institutions of Civil and Mechanical Engineers, and 
between those Institutions and the great engineering societies of America. 
The occasion was the first upon which the Councils of the two British 
Institutions had met together in the same room, and those present had s¢ 
much enjoyed the experience that it was hoped that it would be repeated 

Before leaving the outward and visible signs of the. vigorous life 6 
The Institution, the President paid tribute to the Local Associations in 
Great Britain, which, with one exception, had been able to hold meetings. 
and to the Overseas Associations, which had been carrying on quite succes 
ful programmes and had shown very marked interest in co-operation witl 
the local branches of other engineering Institutions. It was the Council 
desire to encourage that co-operation in every way possible, and it we 
particularly of value for the Overseas Associations to cultivate clo 
relationships with the national engineering bodies established in { 
countries in which those branches were located. . 

Coming to matters which were more concerned with the interns 
administration of The Institution than with its outward manifestation 
the President said that the war had introduced many problems for ° 


a 
* 


& 
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ouncil ana the administrative staff of The Institution, whose numbers 
rere considerably depleted and who had had imposed upon them a good 
eal of heavy work. In the continually changing conditions the Council 
ad determined to lose no opportunity of watching over the education 
md training of the young men and to do everything possible to influence 
hose in power to ensure that those young men should be able to complete 
heir preparation for the profession and that they should be employed in 
pheres of action best suited to their attainments. There was in the 
nual Report a brief notice with regard to that work; but the President 
fssured the members that that represented only a fraction of the work 
rhich had been handled by the Secretary and his staff in pursuance of 
he object of the Council. The main aim had been to ensure, as far as 
ossible, that there was no interference with the Students’ education and 
Waining until they had to be called up for national service; the Council 
lt that it was worth every effort to secure the continuity of the pro- 
pssion by safeguarding as far as possible the Students and the young 
aembers so that they should receive their full training. The Institution 
id not claim any special privilege for its members and Students, except 
he privilege of being employed in the national interest in places where 
heir knowledge and experience would be of most use. The Institution 
cognized the assistance that had been given by the Government, the 
litary authorities, and the various educational bodies towards this end. 
ith regard to placing engineers in posts of national importance, a great 
al of work had been done by the Ministry of Labour in administering the 
mtral Register. Mr. S. B. Donkin, Past-President Inst. C.H., was 
charge of the Committee of the Engineering Section of the Register 
the burden of work which devolved upon him and upon Mr. Clark, 
Secretary of The Institution, in dealing with the references made 
he Institution, was by no means light. 

The Institution had tried to maintain so far as possible records of its 
hembers who were serving with H.M. Armed Forces. That work depended 
ery largely upon information supplied by the members themselves, so 
hat it could not be expected that the records were quite complete. So 
, however, the records showed that, of the 1,018 members of whom The 
stitution had information, 30 Members, 363 Associate Members, 2 Asso- 
ates, and 623 Students were serving, of whom 357 held commissions in 
e Corps of Royal Engineers, and 158 were training for Royal Engineer 
mmissions, whilst there were 161 other ranks in the Royal Engineers. 
other branches of the Services, 151 of those on the Roll of The Institu- 
m held commissions and 113 held non-commissioned rank. Of those 
vho were serving, 66 per cent. were with the Royal Engineers. ° 

ei Dealing with certain changes that had been made in the By-laws, 


that those changes had been made especially to meet emergency con- 
ms during the war, in order to render it possible to submit for election 


sails of which had been published in the Institution Journal, the President 


‘tution could not mobilize any large number for special work, as coul 


_ Institution was ready to do anything that it might be asked to do, ane 


paid 


a 
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the names of people who otherwise, under a strict interpretation of the 
laws as they had existed at the outbreak of war, would have been debarr eC 
In that way the Council had obtained considerable power to make 
exceptions and exemptions. It was, however, their fundamental pol 
that the By-laws relating to admission of members should be administe: 
with strict regard to the preservation of the standards of The Institw on 
It was not intended in any way that persons should be presented for 


i 


election unless the Council were satisfied that they had been adequately 
educated and trained. i 
It had been suggested in some quarters that a body such as The 
Institution of Civil Engineers, large and powerful as it had become, mig ht 
well make an even greater and more direct contribution to the war effo: 
than had hitherto been found possible. It was true that in normal ti 
The Institution could act in certain directions with the full force of 
large membership, and could make use of the accumulated knowledge an 
experience of that membership. In war-time the very large majoril 
of the members were individually engaged in important duties and we 
contributing to the full their individual effort. Consequently, The In 


done in the great industries which had powerful organizations of emplo: 
and of labour. The Institution had no organization of the kind that wou 
enable it to allot its members to specific work for the assistance of # 
Government, although it could assist in any specific problem by placing 
before the Government the names of members who had special kno v- 
‘ledge and experience. The President emphasized, however, that ‘The 
that it would lose no opportunity of carrying out any duty which the 
Government might require of it. In pursuance of that policy, it hac 
recently offered its services, jointly with the Institutions of Mechanica 
and Electrical Engineers, to the Prime Minister for any work of whicl 
the Institutions or their members might be capable. A reply had bee! 
received from the Prime Minister, from which the Institutions knew tha 
the offer had been very gratefully received and was being considered by 
the Departments principally concerned with the war effort. It was wel 
to remember that the contribution made by The Institution to the wa 
effort was the sum of the individual efforts made by all its members, i 
whatever capacity they were called upon to work, and they could 
feel great satisfaction and pride in the fact that the care with whie 
The Institution had watched over their education and training, an 
their selection as members of The Institution, had had a profound influene 
upon the class of service they could give. 

The Accounts had been published with the Annual Report}, and I 
wished to draw attention to the financial strength of The Institutio 
The total expenditure involved in purchasing the site and erecting ai 


* Journal Inst. C.E., vol. 14 (1939-40), p. 362. (June, 1940). 
Si 


i, 


a 


% vo 


ANNUAL GENERAL MEETING. 4AT5 


ompleting The Institution’s magnificent building (namely, £375,767), 
iad been completely met out of The Institution’s resources. The year 
overed by the Accounts was the first in which there was no entry for the 
epayment of the capital loan obtained for the Building Fund, the final 
payment having been made in 1939. In addition to the building, which 
he Institution possessed freehold, and its contents, there were some 
§)0,000 of investments and a cash balance of more than £12,000 towards: 
he expenditure in 1940. There was also, in various Trust Funds, about 
£38,000 invested, and £3,300 of unexpended income. He had no means 
bf estimating the value of the Institution building, of the site, the valuable 
urniture and fittings, the Library of more than 60,000 volumes, and the 
many works of art and historical relics of great intrinsic value; but he 
fid not think that it would be an exaggeration to place the value in normal 
fimes at considerably over half a million pounds sterling. The Institution 
was therefore a body owning a freehold and entirely unencumbered 
broperty worth perhaps half a million pounds sterling, having invested 
Funds, whether free or in trust, of £88,000, and an income of about £45,000 
un ually, derived from the 13,000 members and students on the Roll. 

If he were the Chairman of a Company owned by the shareholders 
For their own benefit, that would not be a bad situation to describe to 
them. How much greater should be the satisfaction of the members of 
[he Institution when they remembered that their-great enterprise, with 
ts material assets and its financial strength, was dedicated to the advance- 
nent of science, and that it had been built up by the unaided efforts ete 
se members, from the days when they were few in number and of limited 
ersonal means, to the present time, when the number on the Roll was 
13,125, of whom more than 10,000 were corporate members and fully- 
jualified engineers. It was not out of place to mention that for the first 
‘me The Institution had reached the 10,000-mark in respect of corporate 
mbers, and that it was the first of the great Institutions to reach that 
re. It was also of interest to record, when talking of the great achieve- 
ments of The Institution in the 122 years since its inception, that those 
chievements were the result of the work of the 22,500 persons who had 
een elected to membership since The Institution was formed. He felt 
nfident that, with the results of the work of the 12,500 former members, 
> whom The Institution owed a great debt of gratitude, and the continued 
rts of the 10,000 present members, backed by the material resources 
had mentioned, The Institution could look forward to a great future 
then the present difficult days had passed. 

— In conclusion the President said :— ' 
“Tt ig not in any spirit of boastful pride that I have given you this 
icture of the Institution’s prosperity and material resources because, 
I have often told you before, the prestige, the influence, and the very © 
ature of The Institution itself depend entirely on the strength and 
ormination which you, its members, put into the work of maintaining, 
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in all circumstances, the high technical and ethical standards which 
we have had entrusted to us by our predecessors. In so far as you who 
are here to-day can influence the future policy of The Institution I ask you 
to put in the forefront of everything that is done the maintenance of these # 
standards and the traditions which we have been taught. 

“ At this critical moment in our country’s history, in the midst 
events which might well lead some to despair of the future, there is this 
at least on which we can rely. Whatever may happen, whatever material 
destruction may occur, the standards which our Institution has established 
are of an abiding nature, not dependent upon material conditions. They’ 
are a possession which no one and no circumstances can take from us, 80 
long as we put them in the forefront of all our work.” . 

The President then formally moved that the Report of the Council be: 
received and approved. 

Mr. R. G. Hetherington seconded the motion. 

The President invited questions and discussion on the Report. 

Mr. P, J. H. Unna said that he hoped that the practice of circulating 
the Annual Report and the Accounts before the Annual General Meeting 

- would be continued. 

Unfortunately, the investments of The Institution included considerable 
railway securities ; it might be advisable to cut some of the losses and t 
spread the risk, although the present time might not be suitable. The 
Trust Fund investments amounted to more than £35,000. Could not a: 
consolidated fund be formed which could be invested in another type of 
seourity, possibly with increased income ? 

More pages might be kept out of the bindable part of the Institution 
Journal, and put into the unbindable part. For example, of the 140° 
bindable pages of the Journal for June 1940, twenty-eight covered the 
Annual Report and Accounts, which he believed were to a large extent 
of temporary interest only. Similarly, two pages were devoted to a list of 
admissions, which list became redundant when the next list of members 
was published. : 

The President said that the Council would take note of those suggestions 
and would deal with them carefully. The present moment was not, of 
course, opportune for dealing with investments. 

Mr. Robert Chalmers referred to a case wherein the By-laws or tha : 
interpretation appeared to bear hardly. 


The President pointed out that the By-laws made provision for such 
a case. 


The President then moved that the Annual poareh be received | and 
approved. 


Mr. R. G. Hetherington seconded the motion. 


The motion was agreed to by the members present. 


ollows — 


- O.B.E,, M.A,, LL.D., F.R.S. 
Sir John Edward Thornycroft, 


Athol Lancelot Anderson, 
K.C.B 
sa Binns . 
Walter Miller Campbell (South 
_ Africa). 


Raymond Carpmael, 0.B.E. 
Sir Harold Nugent Colam, B.A. 


Gilbert Cook, D.Se., 


Jonathan Roberts Davidson, 
= O.M.G., M.Sc. 

Charles George Du Cane, O.B.E., 
i; Durley, M.B.E., 
 BSc., Ma.E. (Canada). 

Thomas Peirson Frank. 


Ralph Freeman. 
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_ The Scrutineers reported the election of the Council for 1940-41 as 
President. 
Sir LEOPOLD HALLIDAY SAVILE, K.C.B. 


Vice-Presidents. 
Professor Charles Edward Inglis, David Anderson, LL.D., B.Sc. 


Francis Ernest. Wentworth-Sheilds, 
O.B.E. 


Other Members of Council. 


William Henry Glanville, D.Sc., 
Ph.D. 

William Thomson Halcrow. 

Roger Gaskell Hetherington, C.B., 
O.B.E., M.A. 

Ralph Frederick Hindmarsh. 

Drummond Holderness 
Zealand). i 

Cecil Lee Howard Humphreys, T.D. 

Robert John Mathison Inglis. 

Gerald Lacey, B.Sc. (India). 

William Henry Morgan, D.S.0O. 

Sir Standen Leonard Pearce, O.B.E., 
D.Sc. 

Joseph Newell Reeson (Australia). 

Vernon Alec Murray Robertson, 
M.C. 

Alec George Vaughan-Lee. 

Herbert Cecil Whitehead. 


(New 


Mr. P. J. Cowan proposed—That the thanks of the Meeting be given 
to the Scrutineers, and that the ballot-papers be destroyed. 

Mr. Frank Gill seconded the motion, which was carried unanimously. 
Mr. J. §. Wilson, responding on behalf of his fellow scrutineers and 
himself, expressed appreciation of the vote of thanks. He observed that, 
of 7,406 ballot-papers issued, only 1,493 were returned, and some of 
those that were returned were invalid. The increase of postage rates had 
no doubt had an effect on the returns, and the envelope-shortage had led 


| 1 The Council commence their term of office on the first Tuesday in November, 
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garded the ballot sufficiently seriously had taken the opportunity to encl 
with their ballot-papers, correspondence to the Secretary; when t. 


months or so, they could not blame the Secretary for not having repliec 
to their correspondence ! 

Mr. W. T. Halcrow moved that the thanks of The Institution be 
accorded to Mr. E. W. Monkhouse, M.V.O., M.A., M. Inst. C.E., and th 
he be re-appointed Honorary Auditor for the current financial year 
and that Sir Alan Rae Smith, O.B.E., be re-appointed professional Auditor 


mously. . 

Sir Alan Rae Smith, expressing his thanks for his re-appointment as 
professional Auditor to The Institution, said that it was a very gre 
honour and privilege to him to occupy that post. 


The List of Awards made by the Council for session 1939-40 was 
announced as follows :— 


For Papers read and discussed at meetings : 


Telford Premiums to :— 


J. E. Bostock, O.B.E., M. Inst. 0.E., for his Paper “ Remodelling of: 
the Assiut Barrage, Egypt.” 


William Barnes, for his Paper on “ The Dragline Excavator.” 


Jack Duvivier, B.Sc.(Eng.), M. Inst. C.E., for his Paper on “© > | 
Stabilization Works in London Clay.” 


The Coopers Hill War Memorial Prize to :— 


J. A. R. Bromage, M. Inst. C.E., for his Paper on “ The Sewage-Disp OE 1 
of Delhi.” 


A Manby Premium to :— 


F. A. Rayfield, Assoc. M. Inst. C.E., for his Paper on “ The Engineer's | 
Part in the Promotion of Road Safety.” 4 


For Papers published in the Journal without oral discussion : 
—— Ora! GISCUSSION - 


Telford Premiums to :-— 


A. M. Hamilton, B.E., M. Inst. C.E., and E. B. Cocks, B.E., Asso 


M. Inst. C.E., jointly, for their Paper on “ Some Aspects of Aero-Hanga 1 
Design.” f 
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Robert Walton and T. D. Key, M. Inst. C.E., jointly, for their Paper 
on “ Application of Experimental Methods to the Design of Clarifiers for 
Waterworks.” 


~ J. R. Daymond, M.Sc., Assoc. M. Inst. C.E., for his Paper on “ The 
Hydraulic Problem Concerning the Design of Sewage-Storage Tanks and 
ea-Outfalls.”’ 


_ Herbert Chatley, D.Sc., M. Inst. C.E., for his Paper on “ The Principles 
fof Drag-Suction Dredging.” 
| f R. J. Cornish, M.Sc., Assoc. M. Inst. C.E., for his Paper on “ The 
Analysis of Flow in Networks of Pipes.” 
_ Lieutenant-Colonel Rawdon Briggs, D.S.0., M.C., R.H., for his Paper 
on “‘ The Haifa—Baghdad Road.” 
H. C. E. Cherry, M.Sc., M. Inst. C.E., for his Paper on “ The Sub- 


terranean Sources of Water in the City of Rangoon.” 


| I for a Student’s Paper read at a Meeting of a Local Association : 


| The James Forrest Medal to :— 


me D.F. Wilkin, B.Sc., Stud. Inst. C.E., for his Paper on “ Concrete and 
the Resident Engineer.” (Northern Ireland.) 


Charles Hawksley Prize of £150 to :— 
é W. E. Blackmore, Stud. Inst. C.E., for his design of a water-tower. 


: Having regard to the good work shown by A. BR. Collins, M.Sc., Assoc. 
M. Inst. C.E., and J. K. McIntyre, Stud. Inst. C.H., they have received — 
h onourable mention and have been granted £30 and. £20 respectively. 


A Bayliss Prize to :— 
__ W. E. Blackmore, Stud. Inst. C.E., awarded on the result of the 
Jetober 1939 Examination. 


Sir George Humphreys, Past-President, proposed—That the thanks 
of this Meeting be accorded to Sir Clement Hindley, President, for his — 
conduct of the business as Chairman of the Meeting. The members, he 
aid, had had happy experiences of his Presidency, and they were grateful 


him also for his Chairmanship of the Annual General Meeting. He 
given them a most interesting and inspiring address, and they wished 


thank him very much. 
a 
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Mr. N. G. Gedye seconded the resolution, which was carried 1 
acclamation. 
The President briefly responded to the resolution. 


The proceedings then closed. 
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By Professor Joun FLeEtTwoop Baker, M,A., Sc.D., D.Sc. 
Assoc. M., Inst. C.K, 


INTRODUCTION. 


as possible to collapse, when subjected to air attack, should need no stress- 
sing. Whilst a direct hit on a factory can scarcely fail, by destroying plant 
Jor stores, to interfere to some extent with production, the damage will be 
much more widespread and costly if, at the same time, a main member is 
weakened and leads, as is possible, to the collapse of a large area of the 
structure. . 

_ Thanks to the somewhat conservative values of working stresses 
itherto assumed in design in Great Britain, the great majority of modern 
uildings, although designed without any thought of attack from the air, 
vill be comparatively resistant to collapse even when subjected to serious 
tructural damage. Certain types could, however, be made much more 
istant by slight amendments in design and detail which would not 
rease the weight of the structure appreciably. _ 

No attempt is made in this Note to deal with particular problems, 
but the attention of the designer is drawn to general points which he 
should consider when designing new structures, or when strengthening 
xisting buildings. 

The structures discussed fall into four main classes :— 

(a) Fully-framed steel or reinforced-concrete multi-storey buildings. 

(b) Single-storey modern steel factory buildings, 

(c) Older buildings, often partly framed and partly wall-bearing, 

(d) Special types, such as erection-sheds, with very long spans. 


THE necessity of ensuring that the buildings in factories are as resistant 


Futty-FramMep Mu.ttt-Storry BurLpineas. 


Fully-framed steel or reinforced-concrete buildings are comparatively 
stant to collapse, since they are capable of adjusting themselves to 
vy overloads for which they were not specifically designed. 

A near hit is unlikely to damage the main frame seriously, It may 
which may cause collapse of an already heavily-loaded floor. Such a i. 


d 


- Reprinted by permission of the Research and Experiments Branch of the 
inistry of Home Security. : 
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The Resistance to Collapse of Structures Under Air Attack. ve 


molish panel walls, and these may fall inwards and produce a debris 
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collapse will not be produced if, as is often the case, the actual floor lo 
carried is considerably less than that for which the floor was designed. 1] 
instance, it has been possible to suggest, when dealing with baseme 
shelters, that no strengthening of a framed building, of steel or concrete, j 
(i) where the actual load carried does not exceed 25 per cent. of t ee 

superimposed load for which the floor was designed ; ; 
(ii) if the floor was designed for a load of at least 80 lb. per square 

foot. 


is needed :— 


e 


In a factory the actual load may often exceed 25 per cent. of the design | 
load, but that design load may considerably exceed 80 Ib. per square fo 
When this is so, the percentage can be increased above 25 per cent. Asa@3 
rough guide, it may be laid down that if a heavy machine rests on @ 
floor-panel and imposes on that panel a load approximately equal to the: 
design load, the structure below that floor-panel should be strengthened. 
The structure can be most economically strengthened, where space 18 
available, by propping main beams and floor-slabs. In the case of 
reinforced-concrete frames some care must be exercised in this propping 
and a knowledge of the position of the reinforcement is necessary ; but: the 
danger from high shear stresses at the prop is not so acute as is usual 
supposed. Tests are being carried out on the strength of proppée 
reinforced-concrete beams, and more definite recommendations will be 
available in the near future. ] 

Whilst a direct hit may wreck one bay of one floor, or more, complete 
collapse of a large part of the building is unlikely to follow even if some 
main members are cut. Debris is liable to fall in other bays, howeve 
and in order to reduce the structural damage, strutting as described above | 
should be considered in inside bays, even though no panel walls can fall on 
them. ae 

The resistance to collapse of framed buildings is due to the cvifual 
in these structures, which is of a high order even in a steel frame with the 
usual comparatively light cleated connexions. It may be said that 
wherever continuity can be introduced, it is desirable. For instance, im 
many factories there are gallery structures carrying machines, the beams 
being supported on steel stanchions. Usually the beams are not con- 
tinuous over the stanchions, but’ are connected into them or joined 
them, as a rule by web-plates. If these connexions were made to de 
the whole strength of the beam, by welding or otherwise, resistance t0 
collapse would be increased considerably, since in many cases where this 


provision is made, complete failure of the beam would not follow even if a 
stanchion were cut. 7 
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SINGLE-StorEY MopEern Steet Factory BUuILDINGs. 


This very common type consists of lines of stanchions carrying roof 
ders—joist beams in small shops and heavy trusses in larger struc- 
res—upon which the roof trusses rest. 
‘This type is not particularly vulnerable, but if an internal stanchion be 
‘the girders on either side will collapse, and may often involve an area 
roof 100 feet by 50 feet, or more. In many cases a hit from a large 
linter would cripple a roof girder and might bring down the roof trusses 
pported on it. 
} These structures could be made much more resistant to collapse. In 
w construction this would involve little or no additional expense. In 
sting shops the alterations needed would depend upon the details of the 
‘ucture, but, in most cases, it should be possible to do a great deal at no 
eat expense. Such work may necessitate the use of unorthodox joints. 
“It must be remembered that these structures are designed to support 
e dead load of the roof, with wind loads and snow loads in addition, 
tthout a certain permissible stress, far below the yield-stress of the 
terial, being exceeded. What should be required of them, in addition, 
the capacity of supporting the dead load of the roof only when any one 
nchion or any one main roof girder is cut by a direct hit. In this con- 
ion the usual permissible stresses can be safely exceeded. The sim- 
fed methods of calculation, used generally in design, are not well suited 
the determination of the capacity of the structure to stand when 
maged. An examination of the real strength of the structure must be 
de. It should be remembered, for instance, that failure does not 
essarily take place when the yield-stress of the material is developed at 
section. It is probable that in many cases no increase in the weight 
aterial in the main structure will be needed to ensure that collapse 
not take place when one member is cut. Details, such as the con- 
ons from beam to stanchion, will, however, need revision, and the 
economical method will probably be to make the beams or trusses 
yntinuous over the stanchions. 
‘It has been stressed above that continuity is very desirable in struc- 
which may have to resist air bombardment. The most efficient 
is the rigidly-jointed frame or portal. In: steelwork the joints can 
ade by riveting, bolting, ‘or welding: Attention should be paid to the 
bility of using this form of frame construction. Many structural 
neers have had no experience of this form, and may be under the 
pression that it is difficult to design. Advances have, however, been 
e during recent months, and there are firms in Great Britain capable of 
ssigning and fabricating portal frames quickly. Where heavy brick- 


ansferred to the bases of the stanchions, thus rendering it possible to 
sign the portals as fixed-ended This leads to a considerable economy of 


| 


el walls are demanded, as in certain vital buildings, their weight canbe 
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steel. These portals can now be designed as quickly as any more orthod 
structure. 


OLDER BUILDINGS. 


Many older buildings, multi-storey and single-storey, although havin 
steel beams and internal stanchions, have the ends of the beams or trv 
carried on load-bearing walls, In these cases a direct hit on such a Wat 
would have disastrous effects. ; 

Additional resistance to collapse can be given by the provision ¢ 
stanchions to support the beams if the wall is damaged. The best positio 
for these stanchions depends on the distribution of any heavy loads on 
floors, and upon the space available. In general, the best position is na 
in contact with the wall, - 

Similar features to that mentioned above are sometimes found in oth 
types of buildings. For instance, in one works inspected, a shop, ma 
of reinforced-concrete frame construction, was spanned by long steel } 
supporting the roof trusses, the ends of the joists being simply suppo: 
haunches formed on the reinforced-concrete columns, This is cle 
objectionable, as a near hit would displace the ends of the joists, wi 
disastrous results, In such a case the joists should be restrained so tha 
they could not move laterally relative to the stanchions, ft 

There are many older types of building which are not satisfactory 
which do not lend themselves readily to improvement, In general, 
reiterated above, the best steps to be taken are to provide as much con 
tinuity and bracing as possible in the load-bearing part of the structur 


SprcraL Typus. 4 
Where there are excessively long-span trusses supporting a roof, as it 
an erection shed, additional props may be needed owing to the danger 0 
existing stanchions being hit, or a joint or member in the truss being cu 
a direct hit. ' 7 
The principle of continuity explained above should be used as a guideit 
designing the propping system. Here again the object is to preven 
complete collapse. Local over-strain in members is not seriously objec 
tionable, so that it may not be necessary to insert props under ever 
panel-point. Strengthening of joints and additional counter bractig: ma) 
further reduce the number of props required. “sf 
The greatest care must be taken to secure economy in this wo 
The structural designer, whose concern it has always been in the p 
produce a structure with an adequate factor of safety, will probab 
find it easy to consider with equanimity one on the point of c 
There may well, therefore, be a tendency to over-strengthen the structure 
Additional props and strengthening of the truss as suggested abov 
appear to be preferable to the sand-bagging of existing members, 
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CORRESPONDENCE 
ON PAPER PUBLISHED IN 
NOVEMBER 1939 JOURNAL. 


Paper No. 5213. 


: “ Application of Experimental Methods to the Design of 
Clarifiers for Waterworks.” t 


By Rozerr Wauron and Tuomas Dow Kay, M. Inst. C.E. 


Correspondence. 


“Mr. William Clifford noted that the problems connected with the 
rification of Nile water were similar to those encountered in the purifica- 
mm. of sewage, and that so far as the removal of suspended solids was con- 
med, the object was the same: namely, continuous settlement of the 
ispended solids while the liquid flowed continuously through a tank or 
ries of tanks. 
The form of tank generally favoured by engineers for continuous-flow 
ttlement, at the time when the Rond Point works were constructed, was 
etangular in plan, with an inlet (or inlets) at one end, and an overflow 
ir at the other; and sometimes with, but more often without, baffle- 
alls across the middle of the tank. 

The results were not unsatisfactory, as long as the volume of water per 
mur flowing through the tank did not exceed from one-twelfth to one- 
bhth of the capacity of the tank, the amount varying with the character 
‘the suspended matter, and with the percentage reduction desired or 
lerated. 

The treatment at Alexandria aimed at a 90-per-cent., or even greater, 
duction of the suspended matter from the incoming water, and that 
ypeared to have been obtained at the Rond Point settling basins, when 
e volume of flow-through water per hour did not exceed from one-seventh 
one-eighth of the tank capacity; that was to say, when the ratio of 
pacity to input per hour was about 7-0 to 8-0. The Authors gave 
_ 26 §) the ratio as 8-9, a figure which did not agree with the tank capacity 


id daily intake in 1928. 


53 “Journal Inst. C.B., vol. 13 (1939-40), p. 21 (November 1939). 
Page numbers so marked refer to the Paper (Footnote (+) above).—Sxc. Inst. 


- under comparable conditions would be required in order to dem 


- could do in effecting the reduction of suspended solids at one or other 


The six settling basins at Rond Point had a total capacity of 6 x 985 
gallons, namely, 5,910,000 gallons, and in 1928 those tanks dealt y 
21,000,000 gallons per day, or an average of 875,000 gallons per h 
When all the tanks were in commission, the ratio of capacity to im 
5,910,000 rest k t of . 2 
"875,000 = 6-75, and when one tank was out o commissic 
4,925,000 
875,000 

Before examining the experimental work, it might be of interest to se 
so far as the data allowed, the results of modifying the settling basin 
Rond Point, and to compare the results with those obtained by the ci 
tanks at Siouf. It was not clear to what extent the reduction of suspen 
solids was affected at the Rond Point works when one tank was out: 
commission ; nor indeed did there appear to be any record of the reductio 
of suspended solids before the alterations were made. 

The percentage reduction of suspended solids in a tank which had beer 
modified by the addition of numerous bafile-walls, was given as 93-2, bu 
whether the ratio of capacity to input per hour was 6-75 or 5-51, was Mo 
stated. There was thus no information to show that the introduction 0 


per hour was 


for de-sludging the ratio became SH5lt 


or allowed a greater input, without lowering the percentage reduction 
suspended solids. 

If it were intended to show that the alteration to the structure of the 
tank materially affected the chemical quality of the effluent, full chemieé 
analysis over a considerable period before and after the alteratic 


strate that fact, instead of a few figures for clarity and albuminoid 
nitrogen content. q 
With a general idea of what the Rond Point modified settling basi 


two rates of through input, it was possible to compare the results wit 
those obtained with the 110-foot circular tanks at Siouf. | 

During December 1937 and January 1938, at a period when the amoun 
of suspended matter in the influent was roughly three-fifths of the yearl 
average, one tank, taking double quantity, gave a reduction of suspende 
solids of 91 per cent., with an average flow-through of 252,580 gallons - 
hour, and a ratio of capacity to input per hour of 3-71. With both tank 
(Table IIT, facing p. 48 §) in operation, but with a larger amount of s 
pended solids present, the percentage reduction of suspended solids Y 
93:3. In that case the input rate was halved and the ratio of capacity 
input per hour was doubled—namely, 7-42. 3 

In other words, the recently-designed circular tank at Siouf ge 
nearly the same percentage reduction (93-3) of suspended solids fr 


§ Ibid. 
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é same average liquid as that achieved (93-2) from the Rond Point 

titling basins, but the latter had the higher rate of input, the ratios of 

pacity to input per hour being either 6-75 or 5-5 at Rond Point as com- 

red with 7-42 at Siouf. 

' The records of the circular tank (Table IV, facing p. 49 §) taking double 

é usual quantity of liquid were of interest, but unfortunately the results, 

far as percentage reduction of suspended solids were concerned, were 

ot comparable with any other data in the Paper. The experiment left 

acertain how far the result in that case was affected, (a) by the increased 

te of flow, and (b) by the smaller quantity of suspended solids present in 

ie influent. 

| Mr. Clifford submitted that a better criterion of the elimination of sus- 

ended solids would have been to maintain, under normal conditions, one 

reular tank at the same ratio of capacity to input per hour as the settling 

isins at Rond Point, and to increase the flow-through of the other circular 

until the percentage reduction of suspended solids had fallen to the 

mit beyond which it would be undesirable to increase the flow. 

The mechanical collection and hydrostatic removal of the sedimented 

adge from the Siouf tanks followed the practice successfully employed in 
wage-purification. It was stated that the de-sludging mechanism worked 

r 23 hours per day. It would be of interest to know if that were in one 

sriod, or in several shorter periods totalling 24 hours per day. Certain 
periments, made at Wolverhampton some years ago, indicated that very 

w continuous stirring of settled sewage-sludge liberated mechanically- 

ld water and gave a denser sludge. 

‘The object of the experiments with the glass-sided tanks was said to 
ve been the investigation of whether or not the disposition of the inlet, 

itlet, and two intermediate walls was conducive to the best possible 
reulation. Assuming that the Authors meant the best possible circulation 
- the settlement of suspended solids, there was no indication of any 
sasurements in that connexion. On the other hand, if they meant that a 
‘culation in which any small mass of influent water remained longer in 
s tank with or without intermediate walls, the average time of stay in 
1e tank did not appear to have been measured. Even if the average time 
‘passage through the tank had been determined, however, it would still 
nain to be seen how that affected the settlement of suspended solids. 
that connexion the time-flow measurements recorded in various parts 
the Paper were made with liquids for the most part denser than water, 

s course of which through the tanks was entirely different from that of 
‘water to be measured ; and in any case the time of the first appearance 
‘the test liquid in the effluent was noted, and not the average time. The 
ulty of measuring the average time of passage of water through 
el-settlement-tanks led Mr. Clifford many years ago to adopt the term, 


§ Ibid. 


| 


' | 
488 CORRESPONDENCE ON APPLICATION OF EXPERIMENTAL METHOT! 
“nominal period of retention ” to indicate the relation of tank-capaciti 
to the volume of input-liquid in a given time, | 
The Authors’ observation on p. 28 § that small variations of temperatu 
produced directional changes of flow in the tank, was quite in accord 
the experience of Messrs. Clifford and M. E, D, Windridge.* Difference 
temperature much less than the 0-2° C, noted by the Authors would ofte 
determine whether the main direction of flow would be in the upper « 
the lower part of the tank, In the same way, small differences in th 
quantity of salts in solution and of suspended solids would also prodne 
appreciable directional changes of flow. . 
The preliminary conclusions (pp. 30-31 §) drawn from the experime 
with the glass-sided model-tank were far from convincing : } 


of the success attained by the use of intermediate baffle-walls. 

(b) It might be asked what justification there was for the statemi 
that horizontal eddies with linear velocities up to 10 feet per minute ha 
no floc-supporting value. That statement might or might not be tru 
and it would be of interest to know how the linear velocity was determine: 

(c) A settlement tank, as distinct from an indefinitely long chann 
- necessitated water entering the tank at a higher average velocity than th. 
at which it left the tank by the usually wide overflow weir, In oti 
words, although the masses of water m, and mg entering and leaving # 


were very different. For all practical purposes the whole kinetic energ 
mv" 
#8 
localize and control the dissipation of the kinetic energy, or, if the tan 
were sufficiently large, he might leave the dissipation to be effected | 
the haphazard eddies and internal movements in the mass of water in ¢ 
tank, | 


of the inflowing water, , had to be dissipated. The engineer mig] 


The Authors proposed to dissipate the kinetic energy by directing tl 
flow around and over numerous baffle-walls. Apart from any doubtf 
advantage in the reduction of suspended solids, the introduction of baff 
walls was hardly a recommendation for facilitating sludge-removal fro 
sewage tanks. 4 

The experimental work with the circular model-tank of 2,700 gallo 
capacity, which was evidently designed to try to find the best conditio 
for the settlement of suspended solids, left much to be desired. Thee "ui 
test for any given set of conditions was surely the difference betwe 
the quantity of suspended matter going into the tank and that gol 

§ Ibid. eT Sp 7 
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jut. No such measurement appeared to have been made. Many interest- 
ng observations of the occurrence of uplift, induced uplift, Borda stream, 
juction-effect, and other phenomena were recorded, which were significant 
Sointers, rather than any measure of uncontrolled currents in the tank. 

- The central-feed difficulty with the circular model-tank—a difficulty 
which had been solved many years ago for sewage settlement tanks—had 

least one positive result, in that it diverted the Authors’ attention to an 
ernative method of obtaining suitable conditions for settlement. The 
ng tank alongside the circular tank became, in effect, a means for dis- 
bating a large part of the kinetic energy of the influent, and enabled the 
aathors to have a much larger inlet to the circular tank than they would 
therwise have had. For example, if the feed-pipe to the mixing chamber 
assumed to be 2 feet in diameter (the size was not given in the Paper) 
average velocity when delivering 220,000 gallons per hour would have 
3:1 feet per second, and the mass of water 611 lb. per second, so that 
kinetic energy to be dissipated would have been about 2,935 foot-lb. 
second. In the absence of other means of dissipating the kinetic 
ey, that would have taken place in the mixing chamber, which in 
+ became an energy-dissipating contrivance. 
It was unnecessary for the area of the opening between the mixing 
ambers and the circular tanks to be as limited as in a central feed-pipe, 
it could be enlarged to give a relatively low average influent-velocity. 
size of that opening, although not stated, was not unimportant: a 
nall opening might well give a high average influent-velocity and produce 
desirably high rotational movement in the circular tank. Other things 
ing equal, the orifice—suitably guarded to prevent local high-velocity 
ams from entering the circular tank—should be as large as possible. 
deed, it was not too much to say that the effectiveness of the tank as a — 
eas for the continuous settlement of suspended solids depended upon 
area of the inlet to the circular tanks and upon the control of the 
rerage influent-velocity across that area. 
Mr, Alexander Ramsay observed that Bahia Blanca and district was 
ndent on the flow in a relatively small stream, subject to great fluctua- 
s in flow and in suspended material. Following rains in the catchment, 
turbidity commonly increased from 20 parts per million to more than 
times that value within a few hours, and the necessary treatment 
to be effected in settling ponds situated close to the river intake, 
4 a remote, and, after heavy rains, inaccessible point in the country some 

miles distant from the filter establishment. 
mmediately before entering the settling ponds alumino-ferric was 
ed in a weir-type dosing apparatus, and thorough mixing was assisted 
creating turbulence in the flow of the treated water in open channels 
ing to the two settling ponds. The latter were in parallel and ae 
gular in form, each measuring 520 feet long and 36 feet wide, with a 
jean depth of water of 12 feet. The capacity of the ponds was 1,400,000 


_ only up to the first 200 feet length of the main tank, showing that for: 
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gallons, and with a flow which might vary from 70,000 to 110,000 gallon 
per hour, the theoretical retention period varied from 18 to 12 hours. 

As originally constructed, each settling pond consisted of an inta 
chamber, a main sedimentation tank, and an outlet chamber, separ 
by walls, with only small gate openings of 8 per cent. of the cross-sectio 
area of the tank. Under such conditions of operation it was natural ha 
the retention efficiency might be as low as 10 per cent., and that whe 
turbidities exceeded from 200 to 300 parts per million the water could 
be satisfactorily conditioned. 

The first modifications to increase the retention efficiency consisted 
closing the gate openings and converting the division-walls between tht 
inlet chamber and the main tanks into submerged weirs. That increas 
the retention efficiency to more than 20 per cent. It was considere; 
therefore, that further progress might be made by producing flow-stream 
in a vertical plane, and baffle-walls were introduced some 40 feet from th 
inlet chamber. A diffuser-board was also provided in the inlet chamber 
front of the inlet channel. The diffuser-board appeared to function wr 
great efficiency, but the efficiency of the bafile-walls did not prove so hig 
as was anticipated. Temperature-differences were always present, and» 
them, and to the inertia of the main body of water, had to be attributed 
the relative failure of the baffle-walls. It had always been borne in min 


’ that for satisfactory flocculation and sedimentation three stages we 


essential, namely, mixing, floc-forming, and coagulation, and the insté 
lation of mechanical flocculators had been under consideration, sim 
the opinion was held that the second stage was inefficient, even thous 
heavily-treated water always gave a good-sized floc. Furthermore, f) 
bulk of the sludge deposited was always found in the inlet chamber, @ 


practical purposes the capacity of the settling tanks was not being exploil 

Increasing the aluminium-sulphate dose had also been tried, and it h 
been found possible to condition water of turbidity 3,000-4,000 parts 
million by applying 250 parts of chemical per million. That meastt 
however essential it might be under existing conditions, was costly, D 
only on account of the first cost of the alum (supplied from Englai 
but also on account of the necessary alkalinity-corrective treatment Wi 
hydrated lime, in order to render the water non-aggressive to the 
mains leading to the filter establishment. 

The information in the Paper that water of high turbidity could 
conditioned satisfactorily with a moderate use of sulphate of alumina. 
settling-tank arrangements, which would appear to be applicable to 
settling tanks of Bahia Blanca, was therefore of great value. 

The Authors gave in Table II (p. 34 §) the percentage removal of slu 
in the different compartments of the modified tanks. Would they 


> 


§ Ibid. 
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rs 
comparative data for the tanks as originally designed ? What percentage 
of the total material in suspension was deposited in the first section of the 
original settling tanks, what was the highest turbidity experienced, and 
twhat was the alum dose under those conditions ? 
__ The Authors were to be congratulated on the efficient circular clarifier 
which was evolved after long and laborious experimental work. The 
difference in design from that proposed by prospective suppliers to the 
joriginal specifications was outstanding. The Bahia Blanca Waterworks 
sCompany had also under consideration a circular clarifier tank, with a 
tral entrance-tower with radial openings, but apparently it was neces- 
ary to provide for thorough mixing of the alum dose and for 2 hours’ 
nechanical flocculation before allowing the water to flow to that clarifier. 
The Authors did not describe the methods adopted for ensuring a 
rough mix, nor did they actually express the opinion that a thorough 
mix was an essential factor, although the results obtained showed that that 
jad been carefully provided for. Presumably the mechanical stirring 
yparatus and hydraulic jump included in the experimental tank layout 
adicated the methods adopted. 
_ Mr. J. R. Roberts wished to comment on that part of the Paper which 
ealt with rectangular settling tanks, in the light of experience gained in the 
treatment of local waters. 
_ In the treatment of waters in the Gold Coast Colony difficulties as great 
those in Egypt were encountered, with the difference that pollution in 
ypt was stated to be caused by sewage and proteinic manurial matters, 
ereas in the Gold Coast pollution was due almost entirely to vegetable 
tter. The Authors mentioned that the highest dose of aluminium sul- 
ate introduced to the Nile water was some 6 grains per gallon, or 85-8 
parts per million, the average dose having been 35-5 parts per million. At 
Weshiang, where the headworks of the Accra supply were situated, the 
ter of the river Densu at its worst required a dose of from 170 to 180 
rts per million, although at other times the dose was as low as 40 parts 
million. Bacteriologically, however, the pollution in the Gold Coast 
ters was much less potentially dangerous than in Egypt, a fact which 
was reflected in the results of bacteriological examinations referred to in 
Table I (p. 23 §). 
The Authors described the mechanism of the normal reaction when 
minium sulphate was added to water; namely, the precipitation of 
oluble gelatinous aluminium hydroxide, the neutralization of electric 
sharges, and the entangling of suspended matter with the aluminium 
hydroxide. When, however, water contained large amounts of vegetable 
aatter, gallic, tannic, and the so-called “ humic ” acids, it was considered 
that normal reaction took place only in a modified form. In such 
3 the precipitate was largely contaminated by insoluble compounds of 


oy == 


q § Ibid. 
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ina different way. The bank of floc in the first compartment also resulte 
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aluminium, such as aluminium gallates, tannates, and “‘ humates”’, ai 
the resulting floc did not seem to be nearly so effective as a normal floc i 
removing the impurities from the water. Its ragged, dark-coloured appe: um 
ance was also quite different from that of a normal floc, and it might we 
be that with such waters it was necessary first to add sufficient aluminii 
sulphate to precipitate the gallates, tannates, etc., and then to add a furtl 
amount to provide the precipitate of aluminium hydroxide which we 
effective in clarifying the water. That would explain the increased doses 
of aluminium sulphate which were necessary for efficient coagulation 
when water was grossly polluted with vegetable organic material, a 
occurred at the Accra works when the river was falling and was heavily 
charged with swamp water. 
The Authors stressed the necessity for proper conditioning of the flog 
by bringing individual particles into contact and causing them to roll ove¢ 
each other so that they aggregated into larger and denser particles td 
facilitate settlement. The sedimentation tanks at most of the Gold Coas: 
works were of the “over and under” type, in which the treated wate: 
entered the first compartment at the bottom and left it over the s 
merged weir formed by the first “ over” partition. Much floc collec 
in that first compartment and it was maintained at a level which was som 
6 inches below the top of the submerged wall, the result being that 


large bank of already-formed floc. There was no doubt that that con 
between new and old floc resulted in an aggregation of the particles, a 
much improved sedimentation. That process was similar to that for 
conditioning of the floc described by the Authors, but was brought a 


in a very uniform distribution of the water, and the even distribution of t 
flow, at least through the first compartment, could readily be gauged by 
observing the behaviour of the bank of floc. 

It had been observed, however, that all waters were not equally re 
sponsive to that treatment. Although it worked admirably in the cas 
of clay-bearing waters in which a dense heavy floc was produced, the lighte 
ragged floc previously described, which was characteristic of heavy organi 
pollution, did not aggregate and “ bank up ” so well. 

The Authors stated that with their improved system of baffling, 93-2 
per-cent. removal of suspended matter was achieved. When the “ ove 
and under”’ tanks were operated so as to provide a theoretical retentio: 
period of 8 hours, results equal to that were obtained, but when the tanl 
were operating at higher rates of flow, the percentage removal was lowerec 
For example, at one works when the rate of flow was 400,000 gallons pe 
day, with a retention period of 7} hours, the removal effected was 94 p 
cent. At a rate of flow of 1,000,000 gallons per day, however, and wit 
a retention period of 3 hours, some 89 per cent. was removed. Thos 
figures were gravimetric estimates similar to those of the Authors. _ 
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_ Although the sedimentation tanks in the Gold Coast Colony were 
Teasonably efficient, greater efficiency could undoubtedly be obtained by 
j introducing the system of baffling recommended by the Authors. 

_ Mr. BR. C.S. Walters observed that some years ago he was associated 
with experimental work on humus tanks at Cheltenham. The effluent 
} was admitted centrally at the bottom of conical tanks about 20 feet deep, 
jand flowed upwards to a circumferential channel. Observations were 
‘made, by tintometer, of the variation in colour of the effluent with the 
amount of oxygen absorbed. A close relationship existed between the 
colour and the amount of oxygen, but it was noticed generally that when 
the tanks were almost full of humus, the effluent improved enormously. 
Tn recent years, more light had been thrown on the subject, and the im- 
provement in the effluent could be attributed to penetrating the blanket 
of suspended sludge matter. 


Sludge. 


Water-pipe. 


Mr. Walters was attracted to that basic principle when it was introduced 
the Hyderabad waterworks for the preliminary purification of a stream _ 
waterworks purposes in India in 1934. The object of the installation 
s to reduce the work in the sand filters and to reduce the cost of alumina, 
bringing, for example, a water capable of forming a small floc into 
‘contact with a ready-made colloidal blanket, quietly, naturally, without 

baffles, and without mechanical agitation. 
The water was introduced into conical tanks at the bottom of a central 
jillar, and flowed upward at a decreasing velocity through the solid and 
udge matter already in suspension. Special precautions Were, however, 
ken to ensure that the water should be collected, not at the periphery, 
by means of decanting channels carried over the top of the tank 
Fig. 20); that the colloidal matter should not be emptied until a pre- 
d termined amount had been formed in the tank ; and that the amount of. 
colloidal matter emptied from the tank should be limited. so 

_ The following points were of interest: (a) mechanical mixers were 
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eliminated ; (b) the blanket of several feet of sludge automatically too 
care of variations in the character of the water; (c) the top few feet « 
water being clear, wind-effect did not arise ; and (d) there were no baffle 

It was probable that the conditions of an ordinary upland-area stream 
in England were very different from those of the silt-laden Nile, which was 
capable of forming an easy floc. It would, however, seem from the Autho 
remarks that they would not favour upward flow in conical tanks for every 
type of water, although it was doubtful whether the Authors had invest 
gated sufficiently not only that particular type of tank, but also a sufficient 
number of streams. ‘ ; 


in the figures given regarding the experiments: taking the figures of flo 
and capacity given in Table IV (facing p. 49 §), the flow and capacity i 
the model would appear to be as calculated in Table V, whereas the Authors 
gave a flow of about double that calculated value, and also quotec 
theoretical retention time of 3-4 hours. 


TABLE V. 


Full-scale Model-clarifier. 
clarifier (from 4 
Table IV). As given. |As calculated.|Scale of mode! 


Diameter: feet . . . . . 110 16-4 — 1 
Capacity: gallons . . . . 935,000 2,700 3,100 1 
Flow: gallons perhour. . . 220,000 3,600 1,900 1 
Theoretical retention-time : hours 4:25 4 ‘63 1 


efficient, and Dr.-Ing. Max. Priiss, describing a 223-foot diameter, radié 
flow tank for clarifying water of the river Emscher, quoted * a remova 
of 96 per cent. of suspended matter after 1 hour’s theoretical retentior 
(equivalent to 100 per cent. overload on the normal rate of working). 

It was surprising, after the disappointing results of the first thre 
groups of experiments, that the circular form. of clarifier should ha 
been retained, the only reason given being its cheapness and simplicif 
of construction. ” 

Mr. Whitteron suggested that the terms “retention period” al 
“detention period’’, to which the Authors objected, were misleadi 
only in so far as they were incomplete ; the term “ theoretical retenti 
period ”’ was exact, and for written description was less cumbersome tha 

§ Ibid, ) 


* “Sedimentation on a La » + 6 
(September 10, 1937). rge Scale.” The Surveyor, vol. xcii (1937), p. 2 
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he suggested term “ capacity output per hour ’’, or the expression “ Ratio : 
capacity input” used in Table IV (facing p. 49 §). 
_ It was stated that one of the principles laid down was that the Settling 
vasins should precipitate 90 per cent. or more of the suspended matter. 
fhe important factor was that the effluent should not fall below a certain 
absolute standard for any anticipated condition of influent. In fact, 
|Table III (facing p. 48 §) showed effluents with 24-7 parts and 23-1 parts 
per million respectively at periods when the turbidity of incoming water 
va as 93-7 and 704-7 parts per million. Mr. Whitteron considered that it 
would be preferable to lay down an absolute standard of effluent—for 
example, that the suspended matter should not exceed 50 parts per 
illion and should have a clarity of more than 30 centimetres. The 
ognition of some such standard, however widely varied for individual 
ditions, was very necessary, and the Authors’ recommendation as to 
h a standard would be valuable. Beyond a certain point the clarifi- 
ation was performed with infinitely greater ease by filters, and just as it 
vas wasteful to attempt clarification beyond that point, so it was equally 
im nportant that the amount of suspended matter should not be greater than 
he filters could deal with. The stressing of clarifier efficiency tended to 
cure that fundamental requirement. 
The Authors stated that their original preference for a rotary motion 
s because it would be practically uninfluenced by wind- and temperature- 
cts. The reason for that was not obvious. After abandoning the ex- 
iments with radial flow, they reiterated the conviction that satisfactory 
ults could be obtained “ provided that the contents could be induced 
follow some kind of progressively narrowing or widening helicoidal 
otion about the centre.” It was unfortunate that the Paper did not 
laborate “ ancillary details connected with the precise way in which the 
ser flows...” Gyratory flow was in principle incompatible with 
rmity of flow. The results might be held to be sufficient justification 
the principles which were embodied in the design, but a reasoned 
sis of them would give added conviction. 
The Authors’ reply had not been received at the time of going to 
ss.—Suc. Inst. C.E. 


§ Ibid. 
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CORRESPONDENCE 
ON PAPER PUBLISHED IN 
DECEMBER 1939 JOURNAL. 


Paper No. 5219. 


“The Analysis of Flow in Networks of Pipes.” t 
By Ronatp James CornisH, M.Sc., Assoc. M. Inst. C.E. 


Correspondence. 


Mr, J. R. Daymond observed that the principle of successive cor 
rections as given in the Paper was finding a wide field of application ir 
problems where exact solutions were not needed, or where such solutions 
were troublesome to find, The method was particularly valuable in pipe 
line and allied problems, where in any but the simplest layout of pipe 
algebraic solutions were very tedious. In fact, apart from the very simp) 
cases of pipes in series (that was to say, one pipe-line), pipes in parall 
(namely, the “‘ Cross-Over System” *), and some three-reservoir problems 
(for n = 2, only), direct algebraic solutions were not possible, 

In the restricted field where direct solutions were possible in pipe: 
networks, there sometimes existed the advantage of obtaining informatic 
which was hidden in approximate methods of solution. The ‘“‘ Cross-Oyi 
System ”’ provided a good example of that, and it was quickly shown ho 
an algebraic solution gave information of value. He would suppose thé 
an existing pipe of length Z and constant « connected two reservoirs 
and B, the flow being from A to B. The pipe was duplicated for part 0 
its length by an added main of length J and constant «. Neglecti 
velocity heads and considering friction losses only}, it was readily shown 
if 6 = l/L, and (¢ — 1)" = a/oy, that 

eck) 
re Kcr ef 


where « = Qs/Q1, Q2 denoting the flow to B through the existing anc 


} Journal Inst. C.E., vol. 13 (1939-40), p. 147 (December 1939). 
* W. Macaulay, “ Cross Connections on the Elan Aqueduct of the Birminghan 
Corporation Waterworks.” Minutes of Proceedings Inst. C.E., vol. cexi (1920-21 
part 1), p. 30. 


as Those assumptions for head and losses would be maintained throughout t 
following observations —J. R. D. 
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re 
added pipes and Q, denoting the flow through the existing pipe only. It 
might be noted that é } 1, and therefore x > ¢. 
__ If a main were to be duplicated in a given number of years to cater 
for an annual increase in supply, the length to be added at any time could be 
mmediately derived from the above equation. Also, it could be easily 
shown that, for a given value of f, x increased rapidly with ¢. Hence, as 
complete duplication was approached (f > 1), the length of pipe to be 
Jadded to meet a given increase in supply became smaller. Therefore, 
since additions to the existing pipe might be made in any order, it followed 
hat, to equalize annual costs, the most costly portions per unit length 
}should be duplicated last. 
A Probably the greatest value of the method given in the Paper was in 
}the rapid convergence obtained. Even in problems amenable to direct 
Jalgebraic solution, it was often quicker and accurate enough to use the 
nethod of successive corrections. Problems in three-reservoir work 
provided good examples to support that contention. 
__ The improvements on the pioneer work of Professor Hardy Cross given 
by Mr. Cornish shortened the work considerably, since for each approxi- 
tion consistency of head-drop around the circuit considered was always 
sured. It might be suggested that the work might be shortened, 
enever possible, by deriving beforehand the direction of flow in each 
pipe. For example, in Fig. 1 (p. 149 §), it was evident by inspection, and 
fore applying any analysis, that the flow at joint B would be A to B, 
to C, and B to E. Similarly, the flow direction at E was immediately 
ablished. Such a method was a very useful preliminary to solving 
oblems in three-reservoir work, and to students, in particular, it might 
worthy of further mention. 
Mr. Daymond would consider three pipes AJ, BJ, and CJ, joining three 
ervoirs A, B, and C, to J, and would assume that all essential data 
re known except the head at J and the rate of flow in each pipe. In 
ral, there would be doubt as to the direction of flow in one pipe, BJ 
example. He would assume that there was no flow in that pipe ; 
at was to say, that the head at J was equal to the head at B, For the 
sumed conditions he would denote the flow in AJ and JC by Q; and Q» 
ectively. 
It then followed that, if Q, = Q2, there was no flow in JB ; 
-Q, > Qo, the flow would be from J to B; 
d Q, < Qp, the flow would be from B to J. 
lowing that preliminary investigation, a solution was then obtainable 
the method given in the Paper. 5 
It was suspected that the clarity and full import of the proof given in — 
ppendix I (p. 153 §) had been somewhat sacrificed to brevity. That was 
d c ‘age numbers so marked refer to the Paper (Journal Inst, C.E., vol. 13 
939-40), p. 147 (December 1939)).—Sre. Inst. C.E. a 


_ tioned in paragraph (2) on p. 150 §.—J. R. D. 
id. 
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regrettable, because one or two important points, although referred to an 
utilized in the Paper, were obscured in the proof. They were deserv 
of greater prominence, and the following discussion might be of interest. - 


ends of those two pipes remote from J the heads were either assumec ¢ 
known to be Hm and H, respectively, then, using the formula of th 
Paper, it was possible to write 


Hy — H =e Zi 
and H — H,=4al,9,*) ~ 


respective pipes. | 

There could be no accumulation of flow at J, and if H were corre otli 
chosen, the total flow to J, XQ,,, would equal the total flow from J, XQ) 
For the assumed conditions, however, he would suppose that there was ai 
excess LS of inflow over outflow at J, so that ’ 


28Q = 20m — EQ, 
From (i) and (ii) it was seen that X8Q was a function of H, namely 
28Q =/(H) . 


If, by increasing H to H+8H, continuity of flow (25Q = 0) was ens 1re' 
at J, then, in (iii), t 


0 =f(H+8H). 


Using Taylor’s expansion, and making the usual assumptions for i 
validity, led to . 


OSE) + SEF (B)itenate 
Subtracting (iii) from the latter expression gave 
26Q = —dH/"(H). 
Differentiating (i) and substituting in the above equation, 
dH Qm . Q» | a © 
239 = S*/ Hoa, Pap (iv) 


The terms to be summed in (iv) were all positive, and therefore thi 
summation could be taken over the m + p pipes without regard to 
(as noted in (4), p. 148 §). If Q denoted the flow in any pipe in whi 


* It was evident there would be no flow in any pipe where Hm =H, or wh . 
Hy = H; therefore that pipe could be omitted from the particular balance, as mer 
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> 


‘the head lost was h, then from (iv), after making the necessary substitutions, 
and rearranging, 
o 


ee = PA) 
3h = sOjnhy’ 


ithe result given in the Paper. 
ca An interesting variation from the case of steady flow given in the 
Paper, and one in which the conditions corresponded more closely to those 
in a town’s network, was to assume a fixed rate of abstraction, say q, from 
th e pipe per unit length. In a pipe of length / the total abstraction would 
De at the rate gl = Qo. If the flow at a junction were taken as Q, the flow 
in the pipe at the other end would be Q@ + Qo. In such a case it could be 
ea sily shown that the loss of head, h, was given by 


cry 


by. al . ; 
4 ee @ +19,” EO aa Gh) kc ety 
4 h=fQ); 


‘since Qp was a constant. 
If XQ, and XQ, were the respective total clockwise and anti-clock- 


wise flows in a circuit, it followed that 

Ee STOO)? Mee... 
| Tfan anti-clockwise flow 5Q provided the balance in the circuit (Loh = 0), 
then 


2 
. 


TES 
ra. eaey Dy i a. 
1 P 6 


v= 2f (Ve i 8Q) eo 2f (Qa + 5Q). 
xpanding that expression, assuming 5Q small, and afterwards subtracting 
from (vi), led to 


Z8h = 8Q(Sf' (Qe) +2 (Qa)) © - » + + (wh) 

From (vii), it was seen that the summation, after differentiation, might 
taken over all the circuit irrespective of sign (see (4), p. 152 §) provided 
at regard was paid to the sign of dh in (vi) (see (3), p. 151 §). Hence, 


ii) might be written 

) Z8h = 8Q2f"(@). 

flerentiating (v) and substituting in the above equation,” 

: ESh = SQLal((Qo+9)" — Q")/Qo - - - + (wii) 

ff it were required to use heads, instead of flows, (viii) could be easily 
ansformed to read 


. EBh = S8QE(hy —Ia)/Q 
where h, denoted the head lost for a flow Qo -+ Q and he the head lost for a 
flow Q. Applying methods I or IT of the Paper, problems in variable 


w might be readily solved as suggested in the above example. 


vhich added considerably to the value of the Paper; the extension to the 


io § Ibid. 


The Author, in reply, thanked Mr. Daymond for his observations, _ 3 
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case of abstraction at a fixed rate was of particular interest. He agreec 
that it was advantageous to determine the direction of flow in each pipe 
when that could be done by inspection ; an adjustment to the head at < 
junction sometimes caused an obviously incorrect reversal of flow in ¢ 
pipe, in which case it was advantageous to adjust the heads at both cn 
that pipe at the same time. Professor Hardy Cross had stated * than 
“the first approximations need not be made very formally. With some 
experience it is possible to nearly adjust a network at once by a littld 
judicious guessing.”’ 


* Analysis of Flow in Network of Conduits or Conductors.” University 
Illinois Engineering Experiment Station, Bulletin No. 286 (November 1936), p. 29. 


“CORRESPONDENCE 
ON PAPERS PUBLISHED IN 
JANUARY 1940 JOURNAL 


Paper No. 5229 
“The Haifa-Baghdad Road.” + 


By Lirurenant-CotoneL Rawpon Briaas, D.S.0., M.C., R.E. 


Correspondence. 


Mr. A. de Leeuw, of Jerusalem, observed that everyone acquainted 
with conditions in the Near East would agree that a difficult piece of wot Ik 
had been carried out in a very short period. . 
He was most impressed by the use of modern machinery for executing 
the work. The Author stated on p. 200 §, under “ The Plant, Machinery 
and Transport ”: “Owing to the difficulty of maintaining a large labot 
force in the desert, machinery was used where possible in preference ¢ 
hand labour. In wartime a large labour force on a road is most vulnerable 
That in itself was an adequate reason for the use of machinery. l 
; Author then went on to say, that it was his experience that in Transjordai 
- where a labourer’s wages were 3s. (15 piastres) for a 10-hour day, including 


. t os pe Inst. C.E., vol. 13 (1939-40), p. 195 (January 1940). 
in C " age numbers so marked refer to the Paper (Footnote (+) above).—Sxo. Inst. 
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the cost of his water and accommodation, a considerable economy resulted 
jrom the use of machinery. In some cases the saving was as much as 
(0 per cent. Mr. de Leeuw’s experience at the Dead Sea, where big 
orks were carried out by Palestine Potash, Ltd., and where the whole 
year round more than a thousand Arabs were employed, was that during 
ifficult times in Palestine—namely, political disturbances, breakdowns 
of transport, and so on—it proved to be advisable to use machinery and to 
| mploy as few men as possible, as it was often impossible to get sufficient 
men. It was not found, however, that the use of machinery resulted in any 
economy. In 1938 large flood-protection dams had to be built at the 
outh end of the Dead Sea. The time for execution was limited. The 
work was therefore carried out by employing, in addition to from four 
undred to five hundred Arab labourers, one dragline and twenty tractors 
nd scrapers. The use of those machines enabled the work to be com- 
pleted in time before the winter rains, An Arab labourer was paid 2s. 
(10 piastres) for an 8-hour day. Including the cost of water, accom- 
nodation, and medical service, and adding 24 piastres for another 2 hours’ 
abour, the cost was found to be 3s. (15 piastres) for a 10-hour day, 
he same as that quoted by the Author. The unit price with machinery, 
owever, was practically the same as with hand-labour. The work 
consisted of building earth dams, on an average 2—2} metres high, which 
were constructed by taking the necessary earth from nearby. The work 
as described by the Author on p. 206 § would cost the same, whether carried 
by Arab labour or by machinery under the conditions obtaining at 
Dead Sea. Mr. de Leeuw would, therefore, be very grateful to the 
\uthor if he would give some more information on that subject. 
~ On p. 213 § the Author stated that in November 1937 a heavy rainfall 
occurred. During that month there were very heavy floods at the south 
end of the Dead Sea, and in that case also the local Arabs said that that 
ras the highest flood that they had ever experienced. That source of 
information was unreliable, however, as they seemed to make that remark 
af er every flood. The same difficulties were encountered as described by 
the Author. No reliable data were available and erosion-marks were 
sleading. Heavy floods, which occurred infrequently and were generally 
very short duration, would leave in most cases marks which disappeared. 
era short time. To estimate floods in the Near East by the observation 
erosion-marks would not serve as a reliable guide to the floods that 
ght be expected. It was, therefore, not surprising that the flood 
ights observed were quite twice those estimated by the engineers from 
‘the observation of erosion-marks on the banks. Those erosion-marks 
uld give only an indication of smaller floods which occurred at more 
frequent intervals and were mostly of longer duration. ; 
_ The day after the big floods of November 1937, the flood-marks were _ 


§ Ibid. 
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road, which ran wa Nazareth to Lake Tiberias. It was, as the Author 


_ would be the best alignment to use ; it passed through the natural gatewa 
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observed and the discharge was calculated. Those flood-marks had si ni 
disappeared entirely. The calculation of the discharge was based on thi 
principles laid down by Mr. B. D. Richards, M. Inst. C.E.* ' 
Mr. A. M. Hamilton accompanied the Author on the reconnaissaneq 
for the Haifa-Baghdad road, and, in the early stages, gave advice on th ‘ 
question of road machinery based on his own previous experience of thas 
type of work in Iraq. Whilst he had had no connexion with the cor 
struction work since it began, he was fully aware of all the difficulties ana 
problems that had faced the Author and his road staff, and was surprisee 
at the rapid and excellent progress that had been made. 
Amongst the difficulties encountered (which the Author modest 
did not stress in his Paper), Mr. Hamilton referred to the very seriou: 
unrest in all the Arab countries following the large-scale Jewish immigration 
which had led to the fear of a Zionist domination of Arab lands a 
peoples. That made it doubtful, at first, whether the necessary assistan 
and goodwill of the Arabs of Transjordan would be forthcoming. Moret 
over, even when the required labour had been found, the problem oz 
providing them with food and water in the middle of a great desert co Ic 
have been no small one. 7 
In his Paper, the Author had naturally given almost all his attenti 
to the sections of the road where his own work was proceeding. ‘he 
following description of the route as a whole might, therefore, be of interest. 
for Mr. Hamilton believed that the Haifa—Baghdad road would form the 
western end of a future great trunk-road over Asia, and from an engineering 
and a transport point of view the other sections were equally important. 
The Author referred only briefly to the Haifa—Jordan section of the 


stated, already a very good road: it had, however, to be classed as a 
mountain road. It had to climb to no less than 1,000 feet above sea-leve 
in order to cross the hills of Galilee, and it then fell 1,500 feet to the 
shores of Lake Tiberias by rather steep gradients, with much twisting and 
cornering. } 

A considerably more direct route, with no mountain range to cross, 
was followed by the existing railway line which utilized the plain of 
Esdraelon (said to be the battlefield of Armageddon), crossed a low pas 
of only 270 feet altitude, and descended into the Jordan valley via the 
Nahr Jalud near the town of Baisan. Mr. Hamilton considered that that 


from Palestine to the east. The Turks had used it as their chief road t 
Damascus and the north, and, both by road and by rail, it was the mai 
artery of their formidable resistance in the Palestine campaign. 
oe Flood-Hydrographs.” Journal Inst. C.E., vol. 5 (1936-37), p. 405 (Mare 


— Note on Flood-Hydrographs.” JIbid., vol. 11 (1938-39), p. 585 (Apr. 
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_ In 1937 the greater part of the Haifa—Baisan—Jordan route had already 

been completed by the Palestine Public Works Department and practically 
tthe only section requiring reconstruction was that in the Jordan Valley, 
iwhere the surface was still poor and there were some old and inadequate 
urkish bridges. With the necessary regrading and improvement, it would 
e easily possible for the heavy vehicle-trains of the types used by the Iraq 
etroleam Company and the Nairn Transport Company to use that road, 
yhereas they would have the greatest difficulty in climbing the passes 
nd negotiating the zigzags of the Galilee road. The shorter mileage via 
jaisan was also a very important consideration in a trunk road. 
_ A long climb was necessary after crossing the Jordan (elevation —877 
eet), for the road had to rise to the top of the Transjordan plateau 
slevation +2,500 feet), which terminated there in a rugged escarpment 
t by many deep wadis. The road followed the Wadi el Arab, which was 
obably the best route ; but the way was difficult, and in order to make 
he defile as easily surmountable as possible there would need to be suc- 
sive widenings and reconstructions over a period of some years as the 
wing traffic demanded it. Various improvements specified by the 
Author were being carried out by the Transjordan Public Works Depart- 
nt, and those would, it was hoped, be a first step towards bringing the 
ead up to a really modern standard of width, gradient, superelevation, 
nd curvature; much improvement was essential if the vehicle-trains 
nentioned, which were so important in economical desert transport, were 
6 be able to reach the wharfs at Haifa. 
- It was to be noted that, for every ton conveyed, large vehicles were 
nsiderably the cheapest in running cost ; they could, moreover, trans- 
port, at a high speed, classes of goods and merchandise that ordinary 
ies could not convey at all. In fact, only by using heavy and long 
hicle-trains, could railway rates of transport be approached. 
The Irbid-Mafraq section traversed the plateau and passed through 
fertile catchment-area much intersected with stream beds. A particularly 
ateresting feature of the reconnaissance in that section (not mentioned 
the Paper) was the use of aerial photography to secure.a better route. 
ifter a good deal of exploration had been carried out by car (fortunately 
was the dry season, and so it was possible to drive almost anywhere) a 
liminary road-line was chosen and fixed relative to various landmarks 
which could be easily recognized from the air, A large number of vertical 
xposures were then taken by the Royal Air Force at constant altitude, 
g in the early morning and late afternoon when the shadows of hills 
d wadis were most prominent. About 150 individual pictures were 
n, and they matched together almost perfectly into a mosaic, thus 
ming a map quite suitable for checking the new alignment. 

The Author mentioned the record floods in the Irbid-Mafraq section — 
1938, which actually proved to be a help, in that they enabled bridges 
nd culverts to be determined with a margin of safety not otherwise 
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possible ; he regretted that the floods did not extend to the desert aree 
beyond Mafraq as well, so that the maximum wadi-flows might haw 
been recorded there also. That regret was endorsed by Mr. Hamil iow 
whose experience in Iraq proved that it was not the hill torrent which we: 
most to be feared by the road engineer, but the usually dry wadt on th 
wide open desert where rain was but seldom known. The occasiona 
cloudbursts falling on to an immense catchment-area could produce 
mighty bore of water in a few hours which would engulf and wreck ant 
car or lorry unfortunate enough to be trapped in such depressions ; 
hours later the torrent might be spent and the wadi bed almost dry agai 
but any inadequate bridge would have been either completely washed aw: 
or left isolated with its approaches vanished and its piers undermined. Th 
Iraq Public Works Department practice in such cases was, as the result c 
experience, either to provide a bridge of ample span or spans, or, if buildint 
stone or concrete gravel were available, to provide an equally ample over 
and-under causeway well ramped or protected on the downstream side t' 
prevent scour. If neither method seemed practicable, the situation was lef 
entirely alone, as it was no use temporizing or guessing at the flow without 
accurate knowledge of flood maxima over several years. Moreover, al 
alteration to the natural drainage-lines owing to the building of raise 
roadways had to be very carefully considered. 
With regard to the passage eastward from Mafraq into the dreadfu 
lava belt, Mr. Hamilton heartily endorsed the Author’s apt descripti 
that it “is one of the most desolate and forbidding areas on the face of th: 
earth.” It was amazing that either a pipe-line or a road could be buil! 
there. The old volcanoes that produced the seas of lava were still to b 
seen in the Jebel Asfar and Jebel Aritain and the Ashquaf Ridge, whos 
crater areas were crossed by the road-line. The road crossed that ridg 
at an elevation of 3,168 feet. 
Road-making stone was, of course, plentiful, but was very tough t 
crush. No “ rooting’? machinery could ever have had a harder task thar 
the ripping out of the road subgrade. — 
The lava area extended for 100 miles, and then gave way to the ley 
open “steppe” formation which stretched as far as the Iraq-Trans 
jordan frontier. It appeared to be a dry earthy desert with flint stone 
scattered over the surface, but rock was not generally to be seen and i 
was somewhat surprising that the elevating graders found it to be quit 
difficult work. Nevertheless, the total time, 6 months, was remarkably 
short considering the length of the section and the few machines used. 
The Author described the work only as far as the Iraq frontier. T 
point was considerably less than half-way to Baghdad, the distance fror 
Haifa to the frontier being 275 miles, whilst from Haifa to Baghdad t 
distance was 625 miles; any description of the very extensive Ira 
sections of the road (Fig. 3) could refer only to a few of the main problen: 
Within Iraq the road began to drop very gradually from the plateat 
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not know whether the whole section was yet finished. The stone had te 
be transported considerable distances, and the bitumen used came fre 
the bitumen lakes, shown in Fig. 3. The specification for that road was ni 
up to fhe standard laid down for the Transjordan section, and in ce al i 
parts the surface was reported to have suffered from traffic and weathel | 
The special importance of the Rutbah—Ramadi section lay in the fac 
that two desert traffic-lines joined at Rutbah, and then proceeded by t 
same road onwards to Baghdad. One branch was from Haifa through 
British mandated territory as described, the other through Syria w 
Beirut and Damascus. The latter was still the chief route, for it wae 
used by the Nairn Transport Company and various Baghdad moto: 
proprietors. It passed to the northward of both the lava belt and th 
Jordan Valley depression, but before reaching the coast it had a formidable 
climb over the high range of the Lebanon mountains, where, once againi 
vehicle-trains could not, as yet, be used. For passengers, that meant é 
mass transference at Damascus to fleets of smaller cars. 
Mr. Hamilton wished to point out, incidentally, that the Nairn brothe: 
were New Zealanders, and not Australians as stated in the Paper. | 
From Ramadi down the Euphrates to Falluja the existing road was 
on the whole, of good standard. One difficulty, however, arose in dealing 
with the problem of the Habbaniyah overflow. In times of flood the 
waters of the Euphrates flowed over the road to fill the Habbaniyah lake: 
Could the Author state what was being done about that section of 
road to avoid the long detour around the Habbaniyah lake when the rive 
broke banks ? . 
At Falluja, the Euphrates was crossed by a modern bridge of five 
- 180-foot steel spans on concrete caissons, completed in 1931. Thence 7 
Baghdad the road traversed a considerable distance over the open desert 
the surface gypsum forming a natural matrix fit for all-weather use; 1 
had, however, a tendency to corrugate, and speed was limited. 5 
In Baghdad two fine new bridges over the Tigris, constructed b 
Messrs. Holloway Bros., Ltd., had just been completed, and those woul 
terminatea chain of highway construction covering a distance of no less tha: 
625 miles from the Mediterranean sea. East of the Tigris two main Asia 
highways ran on. One passed through Khanaqin to Teheran; the other 
proceeded to Azerbaijan via the highlands of Kurdistan. There would, i 
due course, be better roads to the Persian Gulf region, and to India. 
It would appear from what was stated on p. 199§ that there was 
restriction on the types of vehicles which might use some, if not all, 
the Transjordan bridges. If the bridges were so light in constructi 
as to make that essential, it was a source of danger, because rules wi 
almost impossible to enforce upon such an immense length of road, ai 


ves A. M. Hamilton, “ Road Through Kurdistan.” Faber & Faber, Ltd., Lond 
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Arab drivers were a law unto themselves as to where they drove and the 
isks they chose to take. The object of providing “ medium-load ” 
nstead of “ heavy-load ” bridges was, no doubt, to save money on that 
tem and thus to enable more road work to be carried out. The Author 
Beoned that they might be strengthened later, but in Mr. Hamilton’s 
Figs. 4. 


pag INTERNATIONAL HARVESTER FOUR-WHEEL DRIVE LORRY. 
om cO.’S A6 LORRY. . : 

on Maximum capacity 4} tons. Maximum capacity 10 tons. 
iB: 


WHITE'S LORRY AND TRAILER. 
Maximum capacity 17 tons. 


N-HERRINGTON VEHICLE TRAIN: TRACTOR AND TWO TRAILERS. 
(Carrying capacity 40 tons, gross weight 59:2 tons.) 
Maximum width of widest vehicle: 100 inches. 
Tire-pressure: 80 Ib, per sq. in. 


F indicates front wheels... 
D Indicates driving wheels. 


T indicates trailer wheels. . 2m 
The figures in Ib. indicate the axle loadings (vehicle loaded). 


The figure in each circle indicates the number of tires on that axle, 


WHEEL-LOADINGS FOR THE HEAVIEST VEHICLES AT PRESENT USED ON THE 
: Desert Route. 


en that should be done at once. With the comparatively short spans 
ved such strengthening would be quite an easy matter, and in most 
would merely mean one or two extra joists per bridge. Figs. 4 — 


g the desert route, and Mr. Hamilton suggested that the bridges might _ 
designed to be suitable for the heaviest of those, or, better still, — 


ed the axle-spacings and loadings of the heaviest vehicle-combinations 
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should be made capable of carrying the Ministry of Transport standare 
loading. 

It would be seen that the generally-accepted idea that desert | 
carried lighter vehicles than European roads was not correct for tho 
desert under discussion ; the vehicles were just as heavy and speed-impact 
effects were just as great, whilst the necessity for the heavier vehicles was 
even more important for successful and cheap desert transport. Large 
vehicle-trains could carry goods at less than half the cost of single lorries. ; 

The Author had brought together the most modern types of road: 
making machines to be found anywhere in the world. That had speeded up 
the work and had eliminated the necessity for large labour gangs. It wai 
in fact, one of the finest batteries of road-construction plant ever yet used: 
The plant represented a very considerable item in the total cost of the 
work, but the reduction in the unit earth-work and road-making cost 
by the use of such machinery—as opposed to the old pick-and-shovs 
style—was probably even more than the 50 per cent. that the Author 
mentioned, especially when time saved and earlier returns were taken int 
account. He believed that much the same conclusion had been reache 
by the Public Works Department of New Zealand in regard to mechanize 
road-construction. 

Mr. Hamilton emphasized that British makers of such road machiner 
should provide adequate spare parts and service personnel if they wer 
compete successfully with American firms in that new field. It was chi 
to the Americans that the Author had had to turn, rather reluctantly 
for the greater part of the machinery used. 

Finally, it should be stressed that the Haifa-Baghdad road should b 
visualized in three main sections : 


pection. .. Halfa—B.4; te. Le ee ore 232 miles. 
Section 2, H.4A—M.70 (west of Ramadi, approximately XX in Fig.3), 252  ,, 
Section 3, M.70 (west of Ramadi)—Baghdad,. . . . , , . 41 4, 
— 7! 

Total . . .:. 6295 <n 


Sections 1 and 3 were being worked upon, and everything possib 
should be done to make them into first-class roads to carry the very 
heaviest classes of vehicles that were ever likely to pass over the 
Section 2, the longest section, was, on the whole, a fair natural roa¢ 
capable of carrying (for about 50 weeks in the year) the heaviest cla 
of vehicles at a high speed with little difficulty, although there might | 
the inconvenience of dust. It was Mr. Hamilton’s opinion that tk 
barest minimum of work should be carried out on Section 2 until Sections 1 
and 3 had been brought up fully to the final standard of bridging, alig 
ment, curvature, width, etc. That work had been done on some 45 mil 
of Section 2 was in a sense unfortunate, in view of the crying need for the 
raising of the standard of parts of Sections 1 and 3. 
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} It was also Mr. Hamilton’s opinion that the provision of a telephone 
ne along the whole length of the central desert portion of road, together 
with police posts at intervals of 40 miles, was an even more urgent necessity 

Shan was the improvement of that part of the road itself. 
oe Mr. Samuel McConnel observed that the Paper appeared to deal 

ith only about one-third of the distance between Haifa and Baghdad, 

nd the cost of the road was about £2,500 per mile. 

- One of the first questions to be considered before such a road could be 

onstructed was the probable volume of traffic, which in that case was 

ikely to be very small, unless the road was being constructed for strategic 
gurposes. The use of American road plant was becoming fairly general 
ith the reduced costs of operation of diesel tractors, but there were still 
irge areas of Africa in which road construction could be more economically 
zried out by hand-labour, although the use of light graders and auto- 
atrols for maintenance purposes could be justified. In the construction 
of the Haifa—Baghdad road what would be considered in South Africa 
and Australia as a very heavy and expensive bituminous surfacing had 
yeen employed. About 10 years ago the Victorian Country Roads Board 
had carried out a large amount of experimental work on inexpensive surface 

Treatments and carpets, and since that date a great deal of progress had 

mmade. During a recent visit to South Africa Mr. McConnel had been 

rmed by a number of experienced engineers that a pre-mix from 1} to 
ches thick laid on a satisfactory pitched or consolidated gravel founda- 

n was successful for all roads except city streets. Claims were made by 

panies engaged in the sale of bitumen that very light veneers of bitumen 

id upon the surface of well-drained earth roads were capable of carrying 

rge volumes of traffic, but it was very doubtful whether those surfaces 

ould be kept in order without heavy maintenance costs. The section 
the road shown in Fig. 2 (p. 206 §) was typical of those constructed by — 
nachine. It was found that in many cases the borrow-pit silted up owing 
erosion from the shoulders, or in other cases eroded if the longitudinal _ 
tion of the road were steep. Small traverse channels at short intervals 
arry the water clear of the road formation were essential. The modern 
vating graders were a great improvement on the old horse-drawn 
vating graders used 30 or 40 years ago to make a similar formation 
railways in flat country. Some further particulars of the rooter capable 

f handling boulders 1 metre in diameter would be welcomed. 

The quantities of bitumen employed per square yard appeared to be 

ut twice those employed elsewhere for surfaces carrying at least 300 

icles per day; but in the present case, where bitumen was possibly 

rery cheap, there might be some reason for the much heavier treatment. 
> value of the Paper would be greatly enhanced if particulars could be 
en of the cost of the bitumen and the surfacing of the road. 


See 
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Mr. §. W. F. Morum observed that it was doubtful if engineers wl 
had not had experience of Near East desert-conditions would realize wh 
was involved by the difficulties of climate, lack of water and supplies—no 
only of food but also of suitable ageregate—and, furthermore, the diffiet 
of successful operation of mechanical plant and transport vehicles hanc 
by native personnel. Mr. Morum’s experience in Iran with America 
road-making equipment while with the Anglo-Iranian Oil Company, Ltd 
led him to agree with the Author that, despite cheap labour, mechanizatio 
not only simplified the handling of the job from the executive point of vie 
but also effected very considerable savings ; in fact, in Iran, the cos 
formation-work for roads could, by the use of “ carry-all” scrapers 
reduced to about one-tenth of the hand-labour costs. (The actual figu 
was naturally effected by the low cost of fuel for the oil company’s ows 
uses and by the company’s facilities for importing plant duty-free.) 

For work in Iran where roads were constructed with a 24-foot widt 
at the crown, elevating graders would not have enabled the spoil-pits : 
be situated sufficiently far from the toe of the bank, so carry-all scrape 
were employed. Machines of 6 cubic yards capacity were used, since sui 
machines gave quicker turn-round times than the larger ones. T 
machines were worked across the bank instead of in the usual mar 
with the result that the travelling time was reduced to the minimum andi 
was possible to obtain an average output of some 2,000 cubic feet per hon 
for a 24-hour day. Despite the fact that all the drivers were Persians an 
were trained on the job, the machines proved to be exceptionally reliab 

Generally, experience in Iran showed that it was almost impossi 
to limit axle-loadings on vehicles owned by the native contractors, ané 
nominal 12-ton four-wheel lorries were often found loaded with fr 
18 to 20 tons ; in one case a lorry was found to be working with a whee 
load of 12 tons on its rear wheels. The Author admitted that on a dese: 
road speed-control was not possible, and it would be of interest to kne 
what methods he had arranged to stop the road from being abused b 
over-loading. | 

Had the typical road-section shown in Fig. 2 (p. 206 §) proved success 
ful? In Iran the protective banks shown on the outside of the borron 
ditches in Fig. 2 had been abandoned, as they had proved to be ineffective 
being easily damaged by animals and floods, Also, as the bank wa 
presumably made in the clay and far below optimum moisture-conten 
what percentage of settlement was expected? Experience in Iran wa 
that a settlement of the order of 25 per cent. had to be allowed for. 

With regard to the culverts and causeways constructed east of th 
lava belt, what percentage drainage-opening per mile did those giv 
in the shallow flows, and was allowance made for wind-driven flood , 
That point, which entered into several of the Iranian projects—whie: 


§ Ibid. 
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nad been suspended owing to the war—was the cause of some controversy, 
hnd Mr. Morum was of the opinion that for wind-driven floods alone, 
ppenings of the order of 100 square feet per mile were required. 
_ With regard to the carpet, had the Author considered the methods of 
il-stabilization that were being employed in the United States, par- 
icularly in the arid western states? Mr. Morum would have thought 
that those methods could have been used in some places with considerable 
jonomy. Presumably the bitumen referred to as “ 80 per cent.” was the 
Shelspra” F.80 grade. What considerations had led to the employment 
f that grade, and how was it standing up in what was bound to be a 
elatively flexible road-mat, under winter temperature conditions ? The 
F*Shelspra’”’ F grade contained a 30/40-penetration base, whereas the 
jority of the United States specifications for similar work called for a 
e with a mean penetration of 80/100; a base harder than 60/70 pene- 
ation would never be used. Mr. Morum’s experience in Iran led him to 
onclude that the M.C. grade (80/100-penetration base) gave excellent 
sults for flexible carpets; and that a 40/50-penetration bitumen, even 
the very high Iranian temperatures (sun maximum 187-5° F.), using the 
nian product, which was comparatively susceptible to temperature, 
ave the best results for hot mixing for asphalt carpets, provided that the 
er-content was correctly handled. 
What was the result of the contact of crude oil and bitumen in the road 
arpets ? Experience with Iranian fuel-oil in contact with bitumen was 
ry unfortunate. Roads originally made by dressing with’ fuel-oils, 
ich proved unsatisfactory, were very difficult to re-treat with bitumen. 
e general practice in Iran was to run a fuel-oil carpet to destruction 
ore attempting repairs more extensive than the normal pot-hole filling. 
What had led the Author to prefer a portable-machine mix for the 
a-belt section, rather than either a grader-mix on the site, or a plant-mix 
Jelivered on to the site from mixing plants stationed at the quarries or 
ne other central point ? — 
- The Author, in reply to the Correspondence, observed that he 
preciated Mr. Hamilton’s regrets that the road was not built to the 
highest specification of load-carrying capacity. However, the British 
Government were not prepared to spend a greater sum and the local 
ernments did not assist financially, so that the best had to be done 
ch the money allocated. _ 
The Haifa—Baisan—Jordan route was a better alignment in every way 
the Nazareth-Tyberias route and it was hoped, when financial con- 
siderations would permit, that the Palestine Government would bring 
he latter route up to the standard required. There would still remain the 
1di el Arab section from Jisr el Majami to Irbid, where the road was _ 
into the precipitous sides of the wadi for many miles, with hairpin 
ids. That had already been considerably widened, but if it was to be 
de to take such vehicles as the Marmon-Herrington vehicle-train, the 
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necessary widening and re-aligning would cost a large sum and might en’ 
a new alignment for much of the distance. we 
The Author could not agree altogether with Mr. Hamilton’s statemen 
that section 2 was, on the whole, a fair natural road, capable of carryini 
(for about 50 weeks in the year) the heaviest classes of vehicle. Portion 
of that section, including most of the stretch from H.4 to H.3, were ir 
passable even to light cars after rain, and trequent stoppages of traffie- 
often for a week at a time—occurred each winter. 7 
The construction of the route within Iraq was a matter for the Tras 
government, and the Author did not know why work at that end was no; 
proceeding. It was expected that Iraq would work concurrently on thas 
portion where it was not already an all-weather route. It was unders Po 
that an irrigation scheme was about to be put into effect to utilize the flood 
water from Habbiniyah lake and to prevent its overflow in the wet seasom 
which caused a wash-out of a considerable length of road each season. I 
was understood that the new portion of road from Ramadi toward! 
Rutbah had failed through traffic and weather, owing to the poor specifi 
cation of the surface mat. . i 
“Crown Agent for the Colonies ’’ standard heavy-bridges were erectee 
which carried a train of vehicles consisting of a tractor and a trailer w tl 
the following axle loads : 


Tractor, frontaxle . . . . 4 tons. 


4s rearjaxle.> (... +4) -.s)_8.tons. 
‘Trailer . . . . . . +. =~4 tons on each axle. 


The control of the class of vehicle using the road was not difficult as there 
were no inhabitants except at the ends of the road, where efficient custom: 
_ controls existed. The road was controlled at intervals by the Arab Legions 
and nothing moved over all that expanse of desert without their knowledge 
Examination at the ends could ensure no overloading, as there were 1 
extra loads to be picked up en route in that barren desert. iy 
Mr. McConnel had stated that a heavy and costly bitumen surface had 
been adopted compared with the practice in South Africa and Australi 1 
where 1} to 2 inches on a satisfactorily pitched and consolidated gravel- 
foundation was successful for all roads except city streets, When a satis 
factory foundation was constructed on the Haifa—Baghdad road, as in the 
Irbid—lava belt length, a 2-inch consolidated premix was laid. On the 
desert sections of that road east of the lava belt the formation was of clay-r 
No gravel or other material was available to strengthen it. Stone v 
available at a reasonable cost of extraction in limited quantities only, an 
it had been found considerably cheaper to use a thicker mat of bitument 
macadam (4 inches in that case) on the clay-formation than to use a thinner: 
bitumen mat and about double the quantity of stone to strengthen the 
formation. It was also essential that a thoroughly waterproof mat, tl 
would remain waterproof under considerable wear, should be used over 
clay-formation, owing to the risk of water getting under the surface a ad 
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causing collapse. That specification was found to be the minimum from 
Tesults on similar formations at the Habbiniyah R.A.F. camp. 
_ On those portions of the pipe-line road that were utilized in the lava 
felt, a thick mat was laid in order to level out inequalities in the old 
ling as that was cheaper than picking-up and relaying it. The Author 
did not know full details of the cost, but a fairly accurate average cost for 
ie various sections was £400 per kilometre, using a 10-centimetre thick- 
less of bitumen macadam mixture, excluding sealing-cost. Bitumen cost 
jpproximately £7 per ton at the railhead. 
A portable machine-mix was originally selected for the lava section 
rather than a grader-mix, as it was considered, on the advice of the repre- 
sentative of the manufacturer of the grader machinery, that on the rough 
soling a blade could not pick up the mix satisfactorily. That was overcome 
in practice, as described on p. 211 §. A plant mix was not used, as the 
‘stone in the lava belt lay to hand, in boulders of suitable size for crushing, 
all along the route, and transport was saved by the use of the tractor-drawn 
‘and operated crushers which crushed the stone and laid it in windrows 
along the route. 
- The cost of raising the road formation by elevating grader, compacting 
ein layers by blade-grader, levelling to grade as necessary by a 12-cubic- 
yard scraper, and finishing with a crown, was 2 piastres, say, 4jd per 
bic metre. That did not include the cost of fuel-oil, which was 
negligible since it was taken from the pipe-line. The Author had no costs 
eut and fill by 12-cubic-yard scrapers alone. He wondered if Mr. de 
‘Leeuw’s costs were due to using a number of small “ Tumblebug ”’ 2-cubic- 
rd scrapers each with a D.4 tractor and European driver, as were often 
ed in Palestine, as he considered that the use of a 12-cubic-yard carry-all 
aper and D.8 tractor would, in comparison, make a great saving. 

Mr. Morum had mentioned soil-stabilization : presumably he referred 
the practice of mixing the top 3 or 4 inches of the formation with a 
ad-oil, bitumen emulsion, or cut-back bitumen to increase its load-bearing 
pacity. In that case the formation was almost entirely of clay, with a 
all proportion of stone brought up by the excavators in large lumps and 
in very variable quantity. There was no sand or gravel available in the 
soil or nearby. The soil was, therefore, entirely unsuitable for bituminous 
reatment. On the other hand, very fair-quality limestone was available 
ally and that presented a means of producing a cheap and high-quality 
face requiring little maintenance which was homogeneous and of suffi- 
nt thickness to remain waterproof under wear, and thus protect the 
-formation. 
The bitumen at first used in the mix in situ was of a special grade made 
m 40/50-penetration bitumen; but that was found to be too heavy. 


§ Ibid. 


The Author was informed that, subsequently, all mix-in-situ work was done 
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m lines similar to those of the second experiment referred to on p. 211 §. 
n that process of admixture of cut-back and crude oil, the heavy ends of 
he latter acted as a flux for the basic bitumen of the cut-back, and the 
esidual film around the stone particles gave at least as flexible a carpet 
s cut-back made from 80/100-penetration bitumen. The Author under- 
tood that it did not necessarily follow that a cut-back made from 30/40- 
enetration bitumen would give a harder residual film than one made from 
30/100-penetration bitumen. By using a heavier, that was, less volatile 
lvent with the 30/40-penetration bitumen a residual film as soft or softer 
ald be obtained as from 80/100-penetration bitumen with a lighter sol- 
vent. The Author could not speak with personal knowledge about the 
nixture of crude oil and cut-back bitumen, but he had been told that the 
‘ocess described in the last paragraph on p. 211 § had been adopted with 
ess. 
With regard to the borrow-ditch, it was found that that silted up in the 
lay section, owing to erosion from the shoulders where the longitudinal 
stion was steep. That was caused by the entry of water from the sur- 
nding desert. Steep sections were, however, not common. ‘To prevent 
gater flowing into the ditch, a protective ditch was dug by a blade grader, 
md the water flowing in that ditch was carried under the road through 
sulverts to the down-hill side of the road at frequent intervals, and was 
4 off in transverse channels away from the road (Fig. 5). The Author 
not remain long enough on the work to see what maintenance would 
e required, but it was always anticipated that the protective ditches and 
h berms of the road would require blade-maintenance each year by 
o-patrol grader. Camels did a certain amount of damage to the ditches 
ing migration of the tribes; but that was not very serious, as they 
preferred to use the crossing-places provided at the top of each grade rather 
n to face the steep borrow-ditch. 
Settlement in the bank was less than 10 per cent., probably owing to 
h 6-inch layer of soil being consolidated by a blade-grader and D.8 
ractor, and being finished by a 12-cubic-yard scraper. The consolidating 
fect of those heavy machines was exceedingly good. 
The rooters used to move boulders of up to 1 metre diameter were 
‘Le Tourneau” heavy rooters drawn by D.8 caterpillar-tractors. Those 
ooters were provided with three prongs, about 3 feet long. In moving 
ge rocks it was found to be more effective to use one prong only. 
Since the war the Author had heard little news of the road, except that 
; had stood up to its second rainy season well, so he could only presume 


that the road section was, generally, a success. 
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Paper No. 5205. 


“The Hydraulic Problem Concerning the Design of Sewage- 
Storage Tanks and Sea-Outfalls.” ¢ 


By Jonn Rupert DayMonD, M.Sc., Assoc. M. Inst. C.E. 


Correspondence. 
Mr. L. B. Escritt observed that the method devised re the Author was 
an ingenious and effective treatment of the simplest case of an elusive 
problem, As the Author stated, “ The problem reduces to a differenti ah 
equation which cannot be solved explicitly, whilst an algebraic solution i 
too involved to be of practical use.’ ! 

The time taken to empty a tank with vertical sides or other regul 
proportions might be found by a simple calculus equation when the dis 
charge was through a pipe, orifice, or combination of pipes, etc. Whem 
a constant flow into the tank had to be considered the time might be 
calculated by a more elaborate, but still reasonable, calculus equation, 
It was the effect of the sine-curve motion of the tide which made the 
problem difficult, The Author had solved the problem satisfactorily 1 ina 
the case where a tank with vertical sides discharged into the sea. ‘ 

However, in most cases the problem was more complex. In the firsti 
place, the vertical-sided tank was not common. The tank might be im 
the form of a cylindrical inclined sewer, or of an inclined tank sewer with! 
straight sides and arched crown and invert. The problem had sometimes: 
to be related to the discharge of natural basins of irregular form, such as,; 
for example, the discharge of a river through a sluice-gate. There was als 
the case of discharge on those parts of the coast where the tide was double 
and did not follow the sine-curve. 

For the foregoing reasons, rule-of-thumb methods had been devised 
individually by several investigators for finding the discharge of a ta 
under all sorts of conditions, They were all variations of the same pri 
ciple and were the natural conclusions reached in attempting to find a 
reasonable solution to a problem which could not be approached mathe 
matically. Mr. Escritt’s own method, which he had entitled the “ Graph 
Method,” was carried out in the following way : 


| 


’ 


1. The highest and lowest spring tides were marked out, and, betwee 
those limits of amplitude, a sine-curve with a period of 12 hours w 
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plotted with levels as ordinates and times as abscissw. That represented 
tidal conditions for most places. Where the tide did not rise and fall as a 
sine-curve, actual levels had to be taken and the curve plotted. 

a 2. To the same vertical scale, but to any horizontal scale, a curve, 
giving the surface-area of sewage in the tank at any sewage-level, was 
drawn. 

_ 3. The centre-line of the outfall pipe at the lower end was drawn. 

_ 4. Starting with the tank almost empty, and the rising tide just level 
with the centre-line of the outfall-pipe, the head from tide-level to sewage- 
level was measured. 

_ 5, The discharge, in cubic feet per 5-minute period, was calculated, 
and from it was deducted the flow entering the tank. 

_ 6. The surface-area of the tank at sewage-level was measured ; the 
difference of inflow and outflow divided by that area gave the rise (or fall) 
of sewage-level in the tank. 

1. The new level after the 5 minutes’ interval was marked. 

_ 8. The new head between the new tide-level and the new sewage- 
jlevel was measured, and the operation was repeated until the tank had 
filled and emptied. 


_ Such a process gave a curve showing the level of sewage in the tank 
‘ab any time, and the time necessary to empty the tank on a falling tide, 
for a particular size of outfall-pipe. 

_ The size of outfall-pipe was first determined by assuming the average 
head between the water-level in the tank and sea-level, and it was then 
hecked, to see if it could discharge the contents of the tank in the required 


me. 
In few cases had allowance been made for the fact that sea-water had a 
igher specific gravity than sewage, and that, in consequence, when the 
Jevel in the tank and the level in the sea were the same, there would be, 
in the absence of any tide-flap, flow from the sea into the tank. Allowances 
or differences of specific gravity could be made in cases that required such 
degree of accuracy. — 
_ Mr. David Lloyd wished to know whether the problem did not 
really consist of designing a tank of such a capacity or depth, and an 
utfall of such a diameter, that the tank was filled and emptied over a tide. 
_ The solution appeared to have further applications, giving, for example, 
he rise and fall in a tank of depth greater than the critical depth H—D. 
n that direction, the solution was of interest to water engineers. ‘Town 
supplies were generally provided from a constant rising main into a storage 
eservoir. The draw-off was subject to a diurnal fluctuation, creating a 
isting head very similar to the tidal head. The corresponding“ z-curve ”’ 
(which was generally superimposed on a break-down storage) was becoming 
greater economic importance. Its derivation had been looked on 


argely as one of trial and error. . He 


ae 
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Mr. Lloyd was doubtful of the validity of equation (2) (p. 220 8), and + 
Author had to some extent anticipated Mr. Lloyd’s view by his remarl » 
on p. 229§. In the prototype the outfall was submerged, and, furtherm ore 
the fluid was rather different from water. It appeared to Mr. Lloyd that the 
power ” in g=kh" might not be 0:5, although near to it. Would a 20-per 
cent. difference in the value of alter the transformation-ratios to an) 
appreciable extent ? ; a 

Mr. B. T. Rees admired the ingenious method by which the Authox 
had approached the problem, but proposed to discuss the way in which tha 
results worked out in practice. Investigation of example | (p. 231 §) by 
previously-known methods, assuming A=7500, gave A=5-80, as comparec 
with the Author’s A =5-86 ; it would be seen also that a pipe 1-5 foot im 
diameter (as compared with the Author’s d=1-566 foot) would discharge 
the tank as shown by c’a’b’ in Fig. 12. It should be remembered, howev en 
that there were an infinite number of pipe-sizes larger than 1-5 foot he 
would also discharge the tank, and so would certain smaller sizes of pipe ! 
the Author’s figure of 1-566 foot could not, therefore, be rigidly adhered tog 
Fig. 12 showed a long period of free discharge. The length of that period 
was usually incorporated in the design so that the tank might be entered 
and cleaned. In certain cases, storage tanks were built in parallel, and 
so any one of them could be isolated for cleaning purposes ; in such cases 
no period of free discharge was necessary, and pipes of much smaller 
diameter than 1-566 foot would be sufficient. 

In example 2 (p. 232 §) the Author had assumed a commercial size 0 
pipe (1-5 foot diameter), other data being similar to those of example 1! 
and had set out to prove that, if the pipe-diameter were changed fro 
1-566 foot to 1-500 foot, then the area of the tank would have to 
increased from 7,500 square feet to 12,640 square feet, whilst the depth 
the tank could be reduced from 5-86 feet to 2-92 feet. There appeared 
be a lack of balance in such results which the Author might be able to trat 
For instance, what would happen should incrustation or other cause 
slightly reduce the diameter of the pipe? 7 | 

Mr. Rees suggested that the lack of balance in the results might be 

due to the fact that the Author had tried to make one problem of a desi 
which really involved two distinct problems : firstly, storage, and secondl 
discharge. Those two problems could be solved separately by means of 
the diagram shown in Fig. 12. At some point c, the rising tide closed the 
flap and storage took place uniformly until a point a was reached on the 
tide-curve when discharge should become noticeable. If the outfall pr 
were of considerable size, then the discharge-curve would follow close 
the tide-curve. Since, however, the pipe was relatively small, the discharge 
curve showed a further rise in the tank-level until there was sufficien 
head to produce a quick discharge. The point a was on the top-wate! 


§ Page numbers so marked refer to the P. i 1939- 
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lesign-level (10-3 feet). of the tank, and for the particular tank considered 
hat level should not be exceeded. Any number of lines, ac, might be 
drawn from a; such lines were the filling lines whose gradients depended 


Fig. 12. 
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] storage-time was found in the same way. : 
‘The ultimate factor in tank design was the question of cost, which 


» 
z 
- 


could be roughly estimated from the last column of Table IT; the Table 
should be used only as a preliminary guide. 
It would be noted, in Fig. 12, that the discharge for an 18-inch-diamet 


TABLE II. 
Inflow Rise in ive stora e | 
Rion oe tank: into tank:) “yan,- | Storage- Storage- Tank- : Comparative s ores 
square feet. (PUPIC fe°trovel: feet) minutes. | “feet. |cubletect.| fect xfeetx feet. 

minute. | Pet bh y 
5,000 180 2-16 230 8-30 41,500 8-30 x 8-30 x 
6,000 180 1-80 208 6-24 37,440 6-24 x 6-24 x 
7,000 180 1-543 195 5-03 35,210 5-03 x 5-03 x 
7,500 180 1-44 189 4:57 34,275 4:57 x 4:57 X 
8,000 180 1-35 185 4-19 33,520 4:19 x 4:19 x 
9,000 180 1-20 177 3-56 32,040 3-56 x 3-56 x 
10,000 180 1-08 172 3°10 31,000 3:10 x 3:10 x 
11,000 180 0-982 168 2-75 30,250 2:75 X 2-75 X 
12,000 180 0:90 164 2-46 29,520 2-46 x 2-46 x 


pipe took place while further storage was also occurring; and, since 
top design-level of the tank was fixed at 10-3 feet above mean-tide le 
the discharge curve had to be lowered by shifting the curve ab to 
position a’b’, where it was tangential to the 10-3 foot level. It would be 
found that there was scarcely any inaccuracy in doing that, and the! 


Tasie III.—Discuarce CaLcuLatTions For an 18-INCH-DIAMETER PIPR. 


P oot of | Storage:| Head: [Hydraulic ane “feet Change in storage : Final 
ath ep cubic feet.) feet. gradient. r cubic feet. sae ; 
minute, a ft 
0-15 34,275 Nil. _— —_ + 2,700 10-6 
15-30 36,975 1:17 | 1/4700 99 15 (180-99) = + 1,215 10-8 tT 
30-45 38,196 2:44 | 1/2255 144 15 (180-144) = + 540 10-90. 
45-60 38,730 3-61 | 1/1523 175 15 (180-175) = + 90 10-8 4 
60-75 38,820 4:90 | 1/1122 204 15 (180-204) = — 360 ‘1 10. 
75-90 38,440 6-24 | 1/882 230 15 (180-230) = — 750 10- 
90-105 | 37,690 7-56 | 1/727 254 15 (180-254) = — 1,110 il ! 
105-120 | 36,580 8-90 | 1/618 275 15 (180-275) = — 1,425 1 
120-135 | 35,155 10-27 | 1/536 296 15 (180-296) = — 1,740 10- 
135-150 | 33,415 11-50 | 1/478 313 15 (180-313) = — 1,995 9- | 
150-165 | 31,420 12:72 | 1/483 329 15 (180-329) = — 2,235 9. 1 
165-180 | 29,185 13°84 | 1/397 343 15 (180-343) = — 2,445 | 
180-195 | 26,740 14-80 | 1/372 354 15 (180-354) = — 2,610 
195-210 | 24,130 15-87 | 1/347 367 15 (180-367) = — 2,805 { 
210-225 | 21,325 16-60 1/332 375 15 (180-375) = — 2,925 | 
225-240 | 18,400 17-20 1/319 383 15 (180-383) = — 3,045 7: 
240-255 | 15,355 17-75 1/310 388 15 (180-388) = — 3,120 7:35 | 
255-270 | 12,235 18-10 1/304. 390 15 (180-390) = — 3,150 3-9 j 
othe, 9,085 18-29 1/301 394 15 (180-394) = — 3,210 6-5C | 
so-nis | 2c | sor | ifoa | aye | Hogs HBB = — Saas | Saal 
315-330 Nil. / 392 15 (180-392) = — 3,180 5: ; 


Period of free discharge has begun. 
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ine a‘c’, parallel to ac, was the new filling gradient, the depth of storage 
hen being 5-80 feet instead of the original 4-57 feet. 
_ For simplicity, the discharge for an 18-inch-diameter pipe only was 
blotted in Fig. 12, but any number of outfall-pipe sizes could be treated 
1 the same way, and a selection made of the pipe-sizes most favourable for 
he discharge conditions. 
' Table III showed how the discharge of the 18-inch pipe was calculated 
or the original condition. The period of discharge was shown on the 
liagram, and was divided up into short periods of 15 minutes, commencing 
wb point a, and the calculations were made accordingly. Table III then 
became a tabulation of inflows and outflows according to the variable 
heads, which were read off Fig. 12 directly with reference to the tank- 
orage level from Table IIT. 
The Author, in reply, wished to point out that any variation from 
constant precluded the possibility of a general solution to the problem 
ong the lines given inthe Paper. An appeal to experiment would produce 
estricted results, because transformation from the model to nature was not 
ssible when A was a function of z. Hence, for A variable, a satisfactory 
lution might ultimately be obtained after a tedious process of trial and 
error, by deriving a series of particular solutions using an approximate 
step-by-step ” process, as suggested by Mr. Escritt, and presumably 
sed by Mr. Rees in deriving Table III. For that purpose the necessary 
dification of the graphical method of the Paper would be evident. 
was also evident that such methods yielded no immediate information 
he required size of tank and outfall: they merely indicated, by the 
vation of a z-curve, whether or not assumed sizes of tank and outfall 
e satisfactory ; there still remained the question as to the most econo- 
al scheme. 
It was gratifying to find that the results of example 1 of the Paper 
ed very closely with those obtained by Mr. Rees. There was, however, 
> “lack of balance”? in the results of examples 1 and 2. They were 
ven merely to illustrate the use of “ the field,” and it was not suggested 
at any result should be rigidly adhered to. On the contrary, it was 
ated very clearly that there were, in most cases, a large number of 
possible solutions (see p. 234§). Mr. Lloyd would also find there (p. 2348), 
in various other parts of the Paper, the reply to his question on the 
ature of the problem and its solution. 
The apparent “lack of balance,” referred to by Mr. Rees, prompted 
‘m to conclude that two distinct problems were involved, one of storage 
d the other of discharge. It could not be too strongly emphasized that 
+ conclusion was entirely erroneous. It was clearly shown in the 
theoretical discussion, and equally clearly demonstrated by the “ field ” 
esults, that m and s, the respective tank and outfall factors, were closely 
ted. Despite his remarks to the contrary Mr. Rees tacitly accepted — * 
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that relationship in his discussion of Fig. 12 (p. 519, ante), where, in addi 
tion, there was much reiteration of what was given in the Paper. 
It was not very evident where Mr. Rees’s approach to the problent 
displaced the more direct and convenient method of the Paper. From 
study of Fig. 12, in addition to the unnecessary approximation involved im 
moving the z filling curve bodily, it was suspected that most of the cong 
clusions arrived at were invalidated by assuming that the z-curve fox 
free discharge cut the tide-curve horizontally. That was impossib 
unless m was zero (that was to say, unless A was very large or Q very small)i 
Similarly, there was an error in assuming a depth of 5-80 feet, because 
storage would begin before the point c’ was reached. A design yielding 
a lengthy period of free discharge was not economical, since it involved ¢ 
bigger outfall than was really necessary. It should be remembered, too 
that the longer the period of discharge from the tank itself, the greater was 
the dilution of the sewage in the tidal water, an advantage to be utili: 
when discharge was permissible at all stages of the tide. If a period 04 
free discharge were aimed at for tank-cleaning or as a margin of salary 
that might be done by increasing d over the “ field ” result, as mentioned ix 


p. 234 §. } 
It was not possible to say precisely what effect a 20-per-cent. increas 
in n would have on the results. If m in nature were greater than ( 
then all “‘ field ’’ results were on the safe side. Mr. Lloyd was entitled td 
doubt the validity of equation (2) ; at the same time it was agreed et 
was always near to 0-5, and that was the value obtained for the mode 
Therefore, bearing in mind the approximate nature of hydraulic laws, th 
“ field” results should be acceptable. It might be mentioned, in reply 
to the point raised by Mr. Rees, that there was freedom in the choice of & 
and its value should be such as to cater for possible incrustation of tha 
outfall in the future. ’ 
The problem of the Paper did bear some relation to that of the desig 
of service reservoirs. The results, however, could not be extended to solve 
those water-supply problems. i 
Referring to Mr. Escritt’s discussion on the ‘‘ Graph Method,” it should 
be borne in mind that a solution satisfactory for spring tides might m 
necessarily be satisfactory for other tides, as noted in p. 232§. Henee 
the tide considered by Mr. Escritt might not be the critical one. It was 
not clear what was meant by the statement that “ The size of outfall-pi 
was first determined by assuming the average head between the water-lev 
in the tank and sea-level. . . .” If, as was presumed it was meant to be, 
the head were measured between the top permissible tank-level and 
mean tide-level, that head was H. Hence, using the symbols of the 
Paper, k was immediately obtained from Q=kH}, since Q and H were be I 
known, whilst d was ultimately derived from equation (136) (p. 2382 §). 


§ Ibid. 
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es 
If, for the same m, d, were the seat diameter as given by “‘the field ” 
ind d were as defined above, it would be easily seen that 


s e Soki=k/Ho, 


by being the constant for d,. Then, by tabulating values of so and Ho 
is derived from “ the field ” for mo constant (Q and A constant), it would be 


and hence that dy Aur 

[herefore, the diameter as assumed would not be large enough to discharge 
he contents of the tank before it filled up again. 

- It would also be found, by similar reasoning, that in practically all 
- d, >d if the head were now measured between the mean level in the 
ank and the mean tide-level. In that case the head was (H+-D)/2, and 
the equation to be considered in tabulating values of Ho, Do, and s9 
from the field for mg constant, was 


Hy +Dpo\? 
soka==t( ae ) 


_It would be noted that Hp-+Dp had to be greater than zero. 

Compared with other factors which had to be considered in practice 
(effect of on-shore wind, changes in barometric pressure, etc.), the question 
the relative density of sewage and sea-water was of minor importance. 
f necessary, an allowance could be made by adjusting tide-levels in relation 

- level of the sewage in the tank. © 

| There were certain errors in the Paper which only revealed themselves 
ox a careful reading, and therefore should not have prevented a clear 


nderstanding of the context : 
i i Ti 
p. 2248, first part of equation (12), for Mo=Mp, read Mo=M7,, 


oo gd® 

p. 232§, equation (130), for han Sr fi read k= =n =i) 

. 2338, second line following Table I , for m=7-25 10, read m=7-25 x 10-4 
>. 2368, last paragraph, line 3, for hs—line read h;—line 


§ Ibid. 


SS Abas 


524 CORRESPONDENCE ON THE KIDLINGTON BRIDGES. 


Paper No. 5220. 


“The Kidlington Bridges.” t 
By Isaac Kurssart, B.Se., Assoc. M. Inst. C.E. 


Correspondence. : 


Mr. M. F. Barbey observed that probably the most obvious schem 
would have been to continue the old line of main road southwards acror 
the end of Langford lane by demolishing one or more of the cottages. Th 
diversion would then have run behind the Railway hotel and have swet 
eastwards to cross the railway, probably in a two-span bridge abou 
100 feet south of the present bridge. Langford lane need not then havi 
been diverted, the canal would have been orossed at an angle of 62 degree 
by a new bridge just clear of, and to the south of, the old one, and the cane 
diversion would also have been unnecessary. The old canal bridge coul 
have been retained to serve the hotel and the railway goods-yard. H 
approach to the latter would have passed under the new road by meam 
of a bridge built with the comparatively new superstructure from thi 
existing railway bridge, half at a time. The new road would have con 
tained reverse curves of 1,000 feet radius, instead of 3,000 feet radi 
as in the adopted scheme, but the gradients should have been simil: 
Other disadvantages, however, would have been the possibility of hav 


The adopted scheme, therefore, with its greatly improved curves, was | 
doubt amply justified. ; 

Were the “ old brick retaining walls ” (p. 247 §) strutted at the top by 
an arch, or were they free? What foundations and drainage had be 
provided, what exactly was the type of fill, and were the weep-pipes s 
functioning ? 

Presumably smoke- plates were not provided at the railway bridgel> 
account of restricted headroom. Was it not thought worth while t 
form smoke-shields on the two faces of the bridge, with small concre 
cantilever slabs, to prevent the disfigurement apparent in Fig. 7 (fa 
p. 248 §)? How was the bitumen paint applied, and how thick was 1 
Was it necessary to heat it, or to thin it before application? How 
it standing up to engine-blast ? 


+ Journal Inst. C.E., vol. 13 (1939-40), p. 237 (January 1940). 
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_ Were the piles that were driven practically to refusal in waterlogged 
sand (p. 248 §) redriven later comparatively easily ? Had any resistance— 
penetration curves been drawn for them or for the concrete sheet-piles ? 
* It was mentioned on p. 249 § that variations in the span-length occurred 
With the welded portal frames. Was that due to distortion during welding ? 
What were the welding procedure, the method of holding the parts, and 
the sequence of runs ? 

_ The Author, in reply, observed that the suggested alternative scheme 
put forward was of interest, but the greatly improved curves of the scheme 
as carried out had decided advantages. Mr. Barbey had, however, over- 
looked the clearances necessary for the bridge over the railway goods-yard 
wpproach, as well:as extensive alterations to the existing station and 
latform, In addition to the demolition of the canal-side cottages, it 
would have been necessary to remove the stationmaster’s cottage on the 
‘southern approach to the railway bridge. Last, but not least, the Railway 
‘Company’s agreement was essential, and it was doubtful whether they 
would have agreed to that diversion when a more suitable crossing was 
Possible from their point of view. 

_ The retaining walls in the old structure were built-in monolithically 
vith the abutment and arch as described (p. 247 §). In that sense, they 
ght be considered strutted about one-third of their height from the top. 
he factor contributing most to the stability of those walls was probably 
he dry condition of the back-fill. It consisted of gravel with a slight 
\dmixture of clay. During the excavations for the new abutments no 
oring was used for the full depth of 20 feet. It was slightly battered on 
e face, which was protected by tarpaulins. Incidentally, a Ruston- 
cyrus navvy operated as a crane was at work on top. It appeared that 
the thickness of retaining wall demanded by the rigid considerations of 
her Rankine’s or Coulomb’s theory was excessive, provided that the 
face of the fill was kept watertight. The later theories of Professor 
yon Terzaghi seemed to be justified by that experience. There were 
-weep-holes in either the abutments or the wing-walls. 

- Qallendure ” bitumen paint was made from “ Gilsonite ” bitumen 
th suitable fluxing agents and driers. It required neither heating nor 
nning before application. In fact, thinning was apt to destroy the 
fficacy of the paint. It was applied in two separate coats by means of a 
ray-gun from a pressure-tank. Generally, it seemed to be standing up 
ry well. Only at several bays where the continuous hot blast due to 
iting goods trains had been extraordinarily severe had there been any 
ns of peeling. The thickness of the two coats was, of course, minute, 
and was not readily measurable. 
_ Asingle steel test-pile had been driven outside the north cofferdam of the — 
nal bridge to a depth of 23 feet below water-level after the first blow-out 
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occurred. That was done to find out whether rock existed at a reasonak 
level below the sand. On withdrawing that pile, blue clay was found in th 
interlock of the lower 1 foot 6 inches. The conclusion drawn from the 
test was that the sand caused binding in the locks of the main steel coffe 
dam, giving the impression of rock bottom. After the blow-out, the pild 
were re-driven comparatively easily, since the water had washed out 
binding sand. The concrete sheet-piles driven inside the cofferdam wer 
used chiefly to tighten up the sand foundation in the enclosure. Attempt 
were made to obtain resistance-penetration curves with the first fex 
piles, but it was found that each pile behaved differently. The last pild 
drove barely 3 feet. It was possible that the closed box of steel pili im 
filled with concrete would have been satisfactory without the additio« 
of the concrete piles. The latter were driven only as a precautionar 
measure. To have recorded the penetration of each individual steel pil 
for a specific number of hammer-blows would have been both tedious 
lengthy, and would have given little useful information. i 
The following was the welding procedure of the canal-bridge porta: 
frame girders: (a) butt-welds were made to the web; (6) the stiffener 
were welded to the web; (c) the flange-plates were welded to the wel 
working from the leg bases upward to the crown from either side ; (d) finally 
the plates over the crown were welded. In each case, suitable clamps wel 
used for the component parts, and tack-welds were applied at conveniem 
points. Specially-designed clamps were used for the welding of the flange 
plates to the web. All those operations were carried out with the girde 
lying onits side. The Author was not able to give the details of the weldin; 
sequence, since the work was done a long way from the site. Pract a 
details were left to the discretion of the Fairfield Shipbuilding and Engine 
ing Company, Ltd. Examination of the work on completion, and subs 


It was by no means certain that the difference in the span-lengths betweer 
the girders was due to welding distortion. There was a web-splice at 
knee, and the slightest difference in the clamping of that joint would hav# 
magnified the error many times at the end of the leg. On both sides of thé 
girder, those differences might have been additive or compensating. Th 
any case, such differences in span as did occur would cause little or na 
distortional stresses in the completed structure, since the holding-dowr nm 
bolts were adjusted to suit. | 
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Paper No. 5224. 


“Some Aspects of Aero-Hangar Design.” { 


By ArcutpaLp Mitne Hamitton, B.E., M. Inst. C.E., and Epcar Basin 
Cocks, B.E., Assoc. M. Inst. C.E. 


Correspondence. 


- Mr. C. O. Boyse observed that the Authors had made a valuable con- 
bution towards the study of aero-hangar design, the Paper dealing 
incipally with the distribution of wind-pressures on the one hand and 
the stress-analysis of the portal frame on the other. ‘Reference was also 
made at the end of the Paper to confirmatory tests which had been 
nducted at Hereford on the full-sized rib. No details were, however, 
ven of those tests and, as they involved a number of unusual features of 
ecial interest, Mr. Boyse, who had been responsible for the carrying out 
of the work, would give a description of the various tests made. 

It was perhaps important, before considering the tests themselves, to 
mplify the Authors’ reference to the adoption of a factor of safety of 
under hurricane conditions (namely, an 80-mile-per-hour wind). That 
sis of design required that the structure should withstand without 
ilure or appreciable permanent distortion loads equivalent to the 
maximum working loads multiplied by the specified factor of safety. It 
thus followed that when the structure was subjected to its ultimate test 
ads no tension member would be stressed above its elastic limit and no 
rut would be loaded up to its crippling strength. In carrying out the 
sts on the typical hangar rib, which, as already stated, was designed to 
ve a factor of safety of 14, the test loads were, therefore, calculated by 
adding a 50-per-cent. overload to the various wind-pressures and dead 
loads. It also followed from that interpretation of the expression “ factor 
of safety” that at all stages of loading, up to at least the ultimate test 
' values, the structure remained perfectly elastic and the distribution of 
stresses would be constant at all loads. 
‘The tests carried out had been described in a Report, which contained 
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full information as to the deflexions of various parts of the structure 
load*. The results indicated not only that the original design conditions 
were fulfilled, but also that the structure possessed a further margin 04 
strength. :| 
The plant employed for carrying out the tests was of special interest 
as it was believed to be the only one of its kind in Great Britain. It was 
designed and installed in 1929 at the works of Messrs. Painter Bros 
Limited, at Hereford, principally for the. testing of lattice-steel transi 
mission-line towers. It was capable of being used for destruction testi 
on towers up to 100 feet high, the loads being applied by means of a 
winches and measured by hydrostatic dynamometers. The oil-pressures 
in those dynamometers were transmitted through flexible high-press Ir 
pipes to a series of dials centrally situated in the test-house, so that « 
number of separately-applied loads might be controlled and measurec 
accurately from one point. The testing-plant included three permane enti 
towers, from which the loads were applied. Owing to the fact that 
dynamometers were attached at various levels in relation to the pressure 
gauges, corrections had to be made for the head of oil. That was, however 
a simple process, and details of the corrections and of the manner in whie¢ 
they were made, were given in the test report referring to the hangar rib*: 
Mr. S. P. Wing, of Denver, observed that the Authors, in presenting 
experimental data and a discussion of the effect of wind-loads on aero 
hangar design, did much towards clarifying the nature of wind-loading, ; 
subject which had an important influence on n the cost of PARY, aii mode Dl 
engineering structures. 
In 1915 Mr. Wing had made measurements of the increase in wim 
pressure above the ground on a wireless mast 492 feet high at Ballybunion, 


been. combined with one dealing with methods for Nemding on “ maxi- 
mum winds for design purposes,” by the application of frequency studies. 
The method, fully described elsewherel], was based on the statistics 
viewpoint, and was the obvious one of studying the frequency of tl 
maximum winds recorded near any locality; it yielded the equall 
obvious result that localities differed greatly in what might be called their 
“insurance risk” against a strong wind. When wind-loadings had n 
influence on a design, it was a matter of indifference if, for example, hi 


* “Transportable Aeroplane Shed. Test Report.” Prepared by Callendet’s 
Cable & Construction Company, Ltd. London, 1936. 7 
[This report and the three photographs accompanying Mr. Boyse’s contribution have 
ony filed with the Paper, and may be seen in the Institution Library.—Suo, Inst. 
{ 8S. P. Wing, ‘Wind Pressures and the Design of Radio and High Transttiist or 
Towers.” The Electrician, vol. 1xxxvii (1921), p. 6 (1 July 1921). ; 
|S. P. Wing, ‘* Discussion on Second Progress Report of Sub-Committees No. 3 
Am. Soc. C.E. Committee on Steel, dealing with wind-bracing in steel buildings, 
Proc. Am. Soo, C.E. vol. 58 (1932), p. 1103. 
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muilding codes of London and Edinburgh specified the same wind-loading ; 
when, however, the loading controlled the cost to an important degree, as in 
phe case of aero-hangars and wireless towers, it was a matter of economic 
‘waste to build alike in the two localities if the “ insurance risk ” for heavy 
wind loading differed widely in the two locations. 
The Authors, in Fig. 17 (p. 822 §) presented what they called the wind- 
loading for “‘‘ normal’ airtight conditions.” When Mr. Wing first saw 
the results of aerodynamic testing of structural models, he, too, thought 
‘of the air-tight condition as “normal,” and had heen disturbed by the 
high suctions indicated as acting on roofs and lee walls. Further thought 
‘seemed to indicate that. a compensating factor was usually present which 
‘made the “normal” loading of the individual walls much less. Venti- 
Jating engineers had found that even in rooms spoken of as “ tightly 
closed ’”’ two or three air-changes an hour took place. For a hangar, the 
‘ventilating rate was probably as frequent as once in 10 minutes. The rate of 
“yentilation depended to a considerable degree upon the wind-velocity 
and the corresponding pressure-differences. With positive pressure on one 
ide of a building and negative pressure on the other, a pressure-gradient 
was set up which resulted in a constant flow of air into and out of the 
building through the walls, whether of wood, brick, or plaster, and through 
the cracks around doors and windows. Within the building the pressure 
was-bound to be substantially constant, Since in most buildings from 
' two-thirds to three-fourths of their superficial area was under an average 
negative pressure about equal to the average positive pressure, the pressure 
the interior of the building would be negative. Using approximate 
ures from the data on the hangar presented by the Authors, 6,000 
uare feet had a mean pressure of +15 lb. per square foot and 14,000 
uare feet had a pressure of —13-5 Ib. per square foot; for equal in- 
flow and outflow the interior pressure. was —5 lb. per square foot. From 
shat the unit load acting against the windward side was 20 lb. per square 
foot, as compared with an average negative load of only 85 lb. per square 
foot acting on the lee side, The maximum intensity of loading would be 
yout equal on both sides. vt oe 
Mr, Wing agreed with the Authors that any possible loading caused 
open doors, ete., should be provided for. However, he believed it to be 
nsistent design to encroach on the safety factors for unusual possi- 
| pilities, and that, in general, the side panelling should be designed to fail 
pefore the frame. = 
For structures in which wind-loading was an important part of the 
cost, investigation might show, as the Authors had suggested, that simple 
vices such as bursting panels or movable ventilators could be used to 
ep the interior at the most favourable pressure. Such an investigation 
ht be worthy of research. — ew se 
Page numbers so marked refer to the Paper (Journal Inst. C.E., vol. 13° 
—40), p. 305 (February 1940)).—Sxe. Inst. C.E. # 
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The Authors, in reply to the correspondence observed that the test 
referred to by Mr. Boyse were carried out on a full-sized rib. Such tests 
carefully executed with machinery capable of applying any desired syster 
of loading with accuracy, were essential for checking the correctness of th 
calculations and of the various assumptions made. They formed an imi 
portant part of the Authors’ original recommendations for those hangar: 

Further, as the wind-tunnel conditions were not always exacth 
simulated in practice, the Authors emphasized the desirability of making) 
as a check on the model-test, manometric measurements on a completee 
hangar during a strong wind. Ifthe datum pressure was taken through ¢ 
“ static pressure-tube ” clear of the influence of the building, a comg 
parison might be made with the figures obtained in the model-experiments 
and the effect of leakage on the internal pressure might be determined( 
That information would be very useful in future designs of sheds of the 
same class. A slight economy of material could represent the saving od 
a large sum of money if such sheds had to be provided for service-use oné 
national scale of supply. Even fora single shed the saving would, generally} 
easily repay the cost of the tests, and, at the same time, would give the 
engineer complete confidence in his work. 

Mr. Wing had pointed out that owing to the non-airtightness of hangars§ 
the effect of leakages into the building on the pressure side and out ob 
the building over the area of covering under suction, would result in @ 
internal pressure that would be different from the datum adopted for tl 
“ airtight” condition (Fig. 17, page 322 §) which was virtually the basis 
of the model-tests carried out by the National Physical Laboratory. 


on the areas over which those respectively operated, as determined fron 
Fig. 17, the pressure inside the hangar would be reduced on account of 
leakages by 5 lb. per square foot. The calculation assumed that the 


or might not be so, but in the absence of abnormal leakage-vents, such as 
doors with large gaps between sliding components, the assumption woul 
seem to be tenable. As, however, such a reduction in the internal pressure 
would reduce the maximum bending moments considerably (as might 
seen from a comparison of Figs. 18 and 26, and Figs. 19 and 27), it would 
have to be made with caution from the design point of view. . 
It was fully realized by the Authors that the datum adopted by the 
National Physical Laboratory (page 308 §) did not necessarily represe 
the only possible one in practice ; hence the use of the word “ airtight’ 
in Fig. 17. In fact, under certain conditions the internal pressure could 
lie anywhere between the extremes shown in Figs. 20 and 24, 
A reduction of the internal datum pressure of Fig. 17 of the order 0 
5 Ib., as suggested by Mr. Wing, would reduce the bending moments; an 


§ Ibid. 
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would allow the employment of lighter structural members. It might in | 
act be quite possible, as suggested by Mr. Wing, to install ventilators that 
ould ensure a definite reduction of internal pressure, and that would be a 
distinct novelty in design. Such ventilators would require to have ample 
ventage-area and to be of such a shape and location that the internal 
pressure could be reduced to some predictable value. It was suggested 
at ventilators almost flush with the roof-covering would be the most 
litable type for transmitting the external manometric pressure to the 
terior. The values given in Fig. 17 would seem to indicate that the 
mtre of the roof would be a suitable location for the ventilators. The 
action on that line was more or less independent of the direction of the 
ind. The effect of the ventilators should, of course, be checked by 
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““The Deterioration of Concrete in Contact with Sewage.” t 


By Sotomon Simon Morris, B.Sc., Assoc. M. Inst. C.H. 


Correspondence. 


- Mr. E. J. Guild observed that there might be a possibility of con- 
sation from the sewage forming on the upper parts of pipes or tanks. 
h a condensate would have all the corrosive effects of distilled water, 
well as those due to any dissolved gases evolved by decomposition of the 
age. What would be the pH-value of such a condensate, what pH- 
ue would be most favourable to the growth of Spirrilum desulphuricans, 
what would be the most inhibiting value ? 
Mr. R. H. H. Stanger was particularly impressed by the implication 
+ the corrosion of the concrete was due to the formation of sulphuric 
acid formed by the bacterial reduction of sulphates. In his experience, 
soluble mineral sulphates had a much greater corrosive effect on concrete 
han had sulphuric acid. If that were agreed, any method of prevention of 
osion which aimed at the prevention of the bacterial reduction was of 
le use. . It was the action of the sulphates themselves which had to be 


prevented. 
———-- Journal Inst. C.E., vol. 13 (1939-40), p. 337 (February 1940). 
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, Mr. L. ©. Woolley observed that the extract from the Author 
csliaeaqers tr to The Institution represented to a large extent a Repo 
on a preliminary inyestigation into the deterioration of concrete in 1 
sewerage system of Cape Town carried out by him in March 1931, ; 
should not be taken as representing the true position to-day. From th 
observations then made certain conclusions were drawn and remedi 
measures were proposed and carried out. Mr. Woolley wished to sho 
which conclusions had been proved to be correct by subsequent investige 
tion, by commenting on the results of the remedial measures ea rid 
out. He would also mention that reference to the subject had been m ac 
elsewhere.* 

The very brief description of the physical characteristics given in th 
Paper might be misleading to those who had not become acquainted wit 
the phenomenon. Corrosion, so far as investigations in Cape Tow 
indicated, was confined to materials or structures in which cement or lim 
was an ingredient. Glazed sewer-pipes and bricks were unaffect 
Concrete and the jointing of bricks or tile-work were the materials affectee 
and corrosion took place only when the materials were not continuoush 
submerged. 


coherence and consequently broke away under their own weight, leavin 
a soft spongy surface exposed. Corrosion continued at an increased ra 
owing to the porosity of the exposed surface, and further flakes and piece 
of coarse np became detachéd from the structure. In the case 


mechanism of corrosion; the MS, and illustrations may ~be seen in the Instit ntici 
Library.—Sxc. Inst. C, E, = 
* R. F. Goudey, “‘ Odor Control by Chlorination.” California Sewage We i 
Journal, vol. 1 (1928), (December 1928). [Reprinted in Western Construction le 
San Francisco, vol. 4 (1929), p. 16 (10 Jan. 1929).] q 
It was stated that the 26-mile trunk outfall sewer was badly atiep ed 
Orange County, Cal., and that chlorination eliminated corrosion. . | 

A. F, Pistor, “‘ Effects of Sewage Gases on Concrete.” Sewage Works " ourna 
vol. 7 (1985), p. 697 (July 1935). be: 


owing to corrosion of the jointe.. 

E, G, Studley, « Penns “na Ventilation of the North Outfall Sewer of the © 

of Los Angeles,” Sewage Works Journal, vol. 11 (1939), p. 264 (March 1939). 

It was described how the disintegration of the 55-mile north outfall sewer 

the City of Los Angeles was held in check by forced ventilation. j 

_ BF. M. Lea, “ Deterioration of Concrete owing to Chemical Attack.” a 
Inst. San. E., vol. 39-40 (1935-36), p. 185. ; 

L. H. Enslow, “ Sewage Chlorination for the Protection of Masonry Sewers again 

Deterioration.” Water Works and Sewerage, val, 67 (1920), p. 206 (September 1920). 


v7 


A CONCRETE IN CONTACT WITH SEWAGE. 533 


the jointing, the second stage was a swelling of the joints owing to the 
hereased volume of the corrosion-product. That expansion might take 
place outwards, in which case the swelling reached a certain point and 
en broke away under its own weight, leaving a soft putty-like substance 
the joint. If the expansion took place sideways as well as outwards, 
ifficient pressure was set up to shear off the faces of the adjoining bricks. 
Corrosion also took place between the levels of high water and low 
Water, and under certain conditions corrosion at, and immediately below, 
igh-water mark was extremely severe. During low water, corrosion 


wage flow increased the corrosion product was washed away. That 
orrosion and subsequent erosion resulted in removal of the matrix, 
sing exposure and final breaking away of. the aggregate. The 


soft dirty-white putty-like substance. The actual corrosion was, on that 
tea, often masked by a deposit of slime and organic matter from the 
age. When a short peak flow occurred at long intervals the portion 
he structure immediately below high-water level showed the greatest 
rosion, but when the peak flows were of longer duration, and occurred’ 
re frequently, maximum corrosion occurred above high-water level. 
After the submission of the Report covered by the Paper, further 
aminations confirmed in general the previous observations, but in 
ition revealed that :— 

(a) pneumatic ejectors were a distinct improvement on pumping-stations, 
as no signs of attack were found at any of the discharge-pipes where they 
entered the interceptor, although some had been in operation for more 

_, than 30 years; . 

(b) in every case where reduction in velocity of flow occurred in the reticulation, 

causing deposition of silt, corrosion occurred ; 

(c) corrosion did not occur where ventilation was sufficient to maintain un-. 
submerged portions of the structure free from condensed water. : 


In order to study the corrosive action further, @ series of tests was 
inaugurated, the first of which consisted of the test-patches in the pump- 
ell of the main pumping-station mentioned in the Paper. The other 


S were :-— : 

(i) Approximately 16 square yards of surface on the east wall of the pump- 

; well were chiselled out and 3:1 Ciment Fondu plaster } inch thick was 

added. That was coated with ‘“Inertol.” A strip approximately 12 

inches wide and 8 feet long was chiselled out and plastered on the west 

c wall opposite the above-mentioned area, and left unpainted. 

| (ii) A series of test-slabs were hung in the interceptor, for observation both 

7 before and after chlorination. 

(iii) Three specially-made pipes were placed in the 24-inch gravity. main taking © 
_--—s tank-effluent at the Athlone disposal-works. They were fitted with 

multiflex joints so that each pipe could be removed and inspected periodic: — 
ally. Pipe No. 1 was made of type-4 mix * Ciment Fondu. Pipe No. 2— 


* 2 parts of stone, 2 parts of sand, and 1 part of cement. 
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was a Portland-cement pipe with a Ciment Fondu lining. Pipe No 
was a Portland-cement pipe which, after curing, was treated with parafi 


wax. Hi 


Physical examination of the 12-inch square test-patches at the maa 
pumping-station, after that described by the Author, confirmed th 
superiority of Ciment Fondu over some other cements, but indicated ‘ha 
wire-brushing the surface before application did not give a satisfacton 
bond. Sand-blasting had been used extensively in America for ensuring: 
good bond between old and new concrete, and it was suggested that tha 
method might be used with advantage in removing corroded coneret 
before re-plastering. & 

Physical examination of the two “ Inertol’’-coated Ciment Fonc 
strips indicated that less corrosion had taken place on the painted s 
than on the unpainted surface. Microscopic examinations of samples 
the deposits on the uncoated Ciment Fondu showed them to be main 


Taste IT. 
Pipe No. 1. Pipe No. 2. Pipe No. a ; 
wes cymet onan | Festasgomnt | Euan oa 
eTial. aR A Q's mpr WV 
2:2:1mix. | “Ciment Fondu. paraffin ve a 
Maximum corrosion after 144 
months’ use: inch . . ee 43 
Life of pipe, based on first 
143 months’ service : years 10°5 79 , 
Maximum corrosion after 2 
years’ use: inch age 28 at é 
Life of pipe, based on cor- : ; MK! : 
rosion during last 94 
months of test: years . 75 16°4 31 
Life of pipe, based on cor-. 
rosion during entire 2 
years of service: years . 9:1 10°3 58 8 


gypsum, whilst the deposits on the coated Ciment Fondu consisted 
sulphur and gypsum. Bacterial threads resembling Beggiatoa wer 
observed, as well as numbers of bacilli and vibrios. Chemical analysis 
in conjunction with microscopic examinations, showed that a high per 
centage of free sulphur was found on “ Inertol’’-coated Ciment Fondu‘ 
whereas the deposit on the uncoated Ciment Fondu contained mor‘ 
than 90 per cent. of gypsum. That confirmed the physical observatio: 
that less corrosion had taken place on the “ Inertol ”’-coated strip. 

Table If gave the extent of maximum corrosion occurring in the thr 
test-pipes, and also the computed life of each pipe, based on the corro 
occurring during the period that the pipes were under observation. Fre 
examination of pipes which had failed, and from a study of the aggregat 
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ised in the concrete, it was assumed, in computing the life of a pipe, 
hat failure would occur when the thickness of the pipe was reduced to 
- inch. 
_ It was of interest to compare those computations of the life of the pipes 
ith computations based on the corrosion of concrete in the sewers of the 
Cairo main drainage scheme. In Mr. A. O. W. D. Pinson’s Paper*, 
the average depth of corrosion in 74 years, scaled from the diagrams, 
was 33 inches, giving an average corrosion-depth of 4 inch per year. The 
Hume” pipes at the Athlone disposal-works were 14 inch thick, and 
hus would have a life of only 3 years under those conditions. 

_ The results indicated a slight advantage in favour of Ciment Fondu 
as a material, but taking the measurements as a whole, the Ciment 
Fondu pipe No. 2 was definitely superior. The corrosion of §? inch 
occurred at only one point in the section of No. 2 pipe, and was probably 
due to a porous patch of cement; the subsequent corrosion occurring in 
the second year might represent more accurately the resistance of Ciment 
‘ondu. No.3 pipe stood up very well during the first period, but during 
he second period the resistance of the paraffin wax broke down and 
gcessive corrosion occurred. That ruled out paraffin wax as a protective 
oating for concrete against that form of corrosion. 

_ At the time of the second examination the conditions under which the 
ipe-line operated were altered. The outlet was changed to allow free 
ischarge, and at intervals of 50 feet the pipes were replaced by open channels 
et and-2 feet in length. In addition, an 18-inch cast-iron pipe-line was 
id to relieve the load on the concrete pipe-line. 

_ Examinations carried out recently had shown that slight corrosion 
ecurred at each open channel following a 2-foot opening. In other 
fords, an opening of 2 feet in a length of 100 feet did not give sufficient 
entilation to prevent corrosion. Where there were 7-foot openings in a 
ngth of 100 feet the pipes appeared sound. : 

- ¥rom consideration of the observations in the light of the mechanism 
of corrosion, the following represented a summary of the important factors 


elating to the corrosion of concrete :— 


~ F 


ASN 


- (A).—Factors causing and aiding corrosion. 
~ (1) Retention in pump-wells. 
(2) The deposition of silt and organic matter in sewers. 
(3) Seeding of fresh sewage with stale organic matter. 
| (4) ~Agitation. _ 
'_ (5) Condensation on unsubmerged portions of the structure. 
(6) Summer conditions, including higher temperatures, lower flows, 
and longer retention-periods. 


. a * “ Cairo Main Drainage Extensions.” Minutes of Proceedings Inst. C.E., vol. 231 
1930-31, Part 1), p. 130. B f 
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(B).—Factors preventing or retarding corrosion. 


(1) The use of pneumatic ejectors. 

(2) The total exclusion of air. 

(3) Complete access to the air. 

(4) Increased ventilation. 

(5) Chlorination. 

(6) The use of Ciment Fondu. 

(7) The use of “ Inertol,’’ or some other bituminous coating. 


A careful survey of the sewerage-system was made to ascertain whethe 
any changes in operation could be effected to prevent or to retard corrosior 
As a result of trials, the following alterations had been made in regard 
the operation of the system. Sumps at sub-pumping stations were cleane: 
out twice weekly instead of weekly ; the permissible flow to the disposai 
works was increased, and one of the storm-water tanks was utilized a 
balancing-tank to prevent back-flooding, enabling the sewer to be cleaney 
out; and at the disposal-works the sedimentation-tank effluent eo 
was altered to give free discharge, and large openings were provided e 
50 feet. Attention had also been directed to means of preventing corrosi 
A chloronome was installed on the Maitland sewer to feed chlorine a 
point immediately after the discharge of the rising mains from the su 
pumping stations, and badly-damaged structures connected with the 


Recent examinations indicated that some of the reconstructed 
showed no sign of attack after approximately 2 years’ service. Thi 
sumps of the main pumping station were reconditioned throughout wi 
Ciment Fondu, coated with “Inertol.”’ Later, a chloronome wa 
installed, primarily to counteract odours at the station and at the disposi 
works ; it also had the effect of retarding corrosion. An inspection of thi 
sump of the main pumping-station carried out in 1940 indicated that # 
improved operation of the sub-pumping stations, the prevention of badk 
flooding in the main sewer, and chlorination, had retarded corrosion to 
considerable extent. The upper portions of the sump were sound, 
corrosion to the extent of approximately } inch was observed only betwe 
high- and low-water level. That indicated that hydrogen-sulphide prc 
duction had been reduced to such an extent that the amount of gas prese 
was below that necessary to saturate the sewage, and that consequer 
no appreciable liberation of hydrogen sulphide had taken place. 
reconstructed work appeared sound, except for certain points, stran, 
enough between high- and low-water level, where the bond was not go¢ 

Similar measures had, however, failed at the Muizenberg pumpir 
station, put into operation in 1934. On account of odour-complain 


and in view of the apparent resistance of the “ Inertol ’-coated Cim : 
Fondu test-strip at the main pumping-station, the Muizenberg sump wa 
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given two coats of “ Inertol.”” Owing to lack of ventilation in the Muizen- 
berg sump, however, the painting having been done after the station had 
been put into operation, it was impossible to get the walls thoroughly dry 
before applying the “ Inertol.”’ Hxamination in 1935 showed that there 
was very little bond between the “Inertol” and the “ Ferrocrete,” and 
that the concrete of the sump had corroded slightly. In 1938 a further 
examination was carried out, and two 12-inch by 6-inch cement test-slabs 
of 3: 1 Portland cement were placed in the sump : one was suspended so as 
be nearly always submerged, whilst the other was suspended at such a 
vel as to be submerged only at high water. After 3 months and after 11 
months slight corrosion was observed, but during the subsequent 12 months 
the action appeared to have become intensified. The slab which was 
ubmerged most of the time was sound, whilst the other slab was con- 
siderably corroded. At the last inspection, in January 1940, the walls 
of the sump showed the typical flaking putty-like deposit, and had softened 
9 a depth of 1 inch in places. 
_ The observations on that station indicated that the use of resistant 
materials was no safeguard against that form of corrosion, unless in 
addition the cycle of happenings leading to the formation of sulphuric 
acid was broken or retarded by ote or more of the means previously 
ntioned. 
Mr. Woolley would like to acknowledge the collaboration of Mr. A. 
bbott, B.Sc., Assistant Chief Chemist at the Athlone disposal-works, 
ith whom he was closely associated, by courtesy of the City Engineer, 
e Town, for the greater part of the investigation described. 
_ The Author, in reply, wished first to thank Mr. Woolley for his obser- 
ations. The purpose of the Paper had been to demonstrate to engineets 
fact that sulphur bacterial action could be counteracted, but it had 
en only a very brief outline of the problem. The Author considered 
nat a most authoritative and valuable contribution had beet made by 
ir, Woolley to the scanty literature on the subject. 
He was particularly indebted to Mr. Abbott for assistance in replying 
) some of the queries raised in the Correspondence. 
Mr. Quild’s observation regarding condensation forming on and 
ttacking the concrete had been actually borne out in practice. Such con- 
sation Was mentioned by Mr. Woolley on p. 533; avite, and on 
35, ante. 
Corrosion occurred on the upper parts of sewers or.appurtenant works 
henever the ventilation, whether forced of natural, was inadequate to 
dintain those parts completely dry. Condensation alone, however, was 
fot enough to precipitate corrosive action. It was éssetitial that hydrogen 
su phide be present, and it was through the secondary solution of hydrogen 
Sulphide that the final changes which led to corrosion actually took place. - 
ttempts to eradicate corrosion by ventilation had failed when due cog- 
nizance had not been taken of that important factor. Such an instance 
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had been recorded in the abortive efforts to reduce corrosion in the mail 
drainage of Cairo in 19181, where one large fan had been installed to exhau al 
sewer-air from a trunk sewer about 8 miles long, only one air inlet beim 
provided at the head of the sewer. That was inadequate to prevent con 
densation in such a length of drain, whilst the reduction in pressure in th 
sewer caused the liberation of a constant stream of hydrogen sulphidd 
which, coming in contact with the condensate on the upper portion of th 
sewer, set up an ideal combination for corrosion. ta) 
The final process of corrosion was the formation of sulphuric acid 1 
the thin film of condensed moisture which contained the dissolved hydra) 
sulphide. The main agents responsible for that essential part of the proces 
of decay were considered to be sulphur bacteria. : 
Generally, however, owing to its relatively small quantity, the actiog 
of such a condensate would be slight and it could hardly be compare 
with the action on concrete actually submerged in distilled or chemi alll 
pure water. 
The pH-value of that condensate would depend upon several variah D 
factors difficult to determine, of which the nature of the gases in the sewet 
the extent of sulphuric acid production, and the consequent action on 
concrete were some of the most important. Actually no definite pH-va 
could be laid down. 
The organism Spirrilum or Vibrio desulphuricans developed stron 
at pH-values between 6-9 and 7-5, and presumably the optimum pH-va 


I 


mt 
for that particular bacterial development lay between those two value a 
There was, however, no question of Spirrilum or Vibrio desulphurveani 
acting in the condensate on the upper parts of sewers or tanks, since bd 
organism, which reduced the sulphates to hydrogen sulphide, functiones 
only under anaerobic conditions below the surface of the sewage itself. 
Mr. Stanger’s contention that soluble mineral sulphates had a corrosiy 
effect. upon concrete greater than that of sulphuric acid would be trm 
only when the sulphuric acid solution was of a considerably weaker cor 
centration than the sulphate solution. In equal concentrations the con 
rosion due to sulphuric acid would exceed by far that induced by a sulphati 
solution. In any case, the deterioration of concrete in contact with sewag: 
was definitely not brought about by the direct action of soluble sulphat 
Chemical analysis indicated that it was due ultimately to sulphuric ac 
produced by sulphur bacterial action. The quantity of soluble sulphat 
present in sewage was usually too small to cause direct corrosive action 
The highest sulphate-content encountered in Cape Town sewage was les 
than 20 parts per 100,000, or 0-02 per cent. Most authorities agreed tha 
before concrete pipes would be attacked the sulphate-content in solutio 
would have to exceed between 0-05 and 0-1 per cent. , 


1 A. O. W. D. Pinson, “Cairo Main Drainage Extensions.” Minutes of Procee 
ings, Inst. C.E., vol. 231 (1930-31, Part 1), p. 114. j 
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t Actually, in the case of cements immersed in sulphate waters, the ex- 
pansion and disintegration were caused by the formation of gypsum 
jaSO4.2H20) and of calcium sulpho-aluminate, which crystallized with 
e formula 3Ca0.Al,03.3CaS0,.31H,0. The latter salt was not found 
form under the acid conditions existing in the corrosion under discussion. 
Oreover, conclusive evidence that the corrosion was not produced by 
phates in solution was provided by the fact that distintegration took 
place on those portions of the sewerage systems which were either entirely 
r intermittently unsubmerged, and never on those portions which were 
ntinually under water. 

_ The Author wished to thank Mr. W.8. Lunn, Assoc. M. Inst. C.E., City 
ngineer, Cape Town, for permission to publish the Paper, and he hoped 
at by bringing the problem of sulphur bacteria, its action, treatment and 
evention to the notice of engineers throughout the world a step had been 
uken towards the complete eradication of that costly and highly-virulent 
gent of destruction. 
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“The Dragline Excavator.” t 
By WILLIAM Barnes, M. I. Mech. E. 


Correspondence. 


Mr. C. B. Bailey observed that he was concerned with the larger types 
of excavator, but unfortunately the majority of digging that his firm had 
) meet was of such a nature that dragline excavators could not face it; 


mnerally accepted that such rocks had to be expensively blasted before 


+ Journal Inst. C.E., vol. 14 (1939-40), p. 8 (March 1940). 


juch had been made of the recent developments in draglines tending 
wards the handling of heavier rocks, but he thought that it would be 


the dragline type of machine could deal with them. aE = 
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It appeared to him that those taking part in the Discussion had confina 
their remarks to the smaller type of contractors’ unit, and whilst the dra. 
line had brought about great improvements in the methods of handlini 
ordinary material, the iron-ore industry had demanded even furthé 
developments in large excavators and their application. During the la: 
6 or 7 years facilities for electrical operation had reached country district 
and the intensive development of large excavators had probably cont 
about on that account. Until that time the principal prime mover for tl 
larger type of machine had been steam, with consequent excessive labout 
charges in the handling of coal; for example, a machine of nothing ii 
the magnitude of present-day units needed two firemen per shift to Ee 
a consumption of 10 tons for that period. The installation of stripper 
of up to 1,000 horsepower had resulted in the development of ore reservw 
under overburden, the working of which could previously only have bee 
considered by underground methods. Draglines had not been installed fd 
those arduous duties, however, but had been mainly employed for th 
stripping of lighter types of overburden, and, in some cases, preliminan!| 
stripping of the lighter measures. The general view of the industry we 
that the walking dragline was a progressive step in the method of traye 
giving greater ranges and larger-capacity buckets on account of the redu 
tion in the bearing pressure of the machine ; he would, however, stress tha 
in his view the quality of the digging was the prime consideration as t 
whether a dragline machine could operate efficiently and/or economically.7 

Draglines had operated for Mr. Bailey’s firm in overburden up to abou 
15 feet deep, and the quality of the digging had not been severe excep 
for casual laminated beds of limestone. He thought that it would h 
agreed, however, that the results obtained were remarkable, and thi 
operating costs shown in Table VI fully supported the figures given bl 
the Author. In considering the Table, it should be borne in mind tha. 
the machine concerned had been in constant operation for some 6 years 
and had, therefore, got over the preliminary efficiency expected from , 
new machine during, say, its first 2 years of life. | 

The item of cost specially noted for drag-ropes was worthy of attentio1 
and he thought that most dragline users were dissatisfied with the life 
those ropes. His firm had carried out numerous experiments with| 
(a) heavy and light specially-designed swivels ; (b) the most suitabh 
tensile strength for the wire used in the ropes; and (c) the constructic 
of the ropes. The tendency of the swivels was to unreave the rope owing ti 
the excessive spin which appeared to take place in drag-ropes. With re gE 
to (b), they had come to the conclusion that the lower-tensile-stren, 
ropes with a strength of, say, 20/100 tons per square inch), gave better lifi 
than those with a higher tensile strength, but rope-makers were reluctant 
to go to a figure lower than that given. Such experiments as his firm ha 
carried out in regard to (c) had given no improvement upon the standard 
supplied by rope-makers. { 


\ 
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_ Generally, the costs shown in Table VI covered all operational work, 
neluding the cost of two men around the machine, whereas the item for 
epairs, overhauls, etc., included all de-carbonizing (carried out every 
) months). No amortization and on-cost was included; however, the 
sxperience of his firm was that the useful life of a machine of the type 
oncerned was about 15 years. 

| Mr. Bailey agreed that the optimum efficiency in the design of the 
bucket had not yet been reached, but the various conditions in which 
raglines operated caused considerable divergence of opinion ; in the case 
is firm it was found that the angle of the teeth to the bottom of the 
ucket (strictly, relative to the mouthpiece) was an important point, and 
hat account they had found that, provided that that angle was correct 


TaBLeE VI, 


3/1939. : 
Type 43-B dragline, excavating surface soil and sub-soil of rubbly ironstone in 
_ separate operations, and depositing for restoration after extraction of iron ore. 


ours worked: 1,940. Capacity of bucket: 14 cubic yard. 
ibic yards moved: 112,454, Engine : 6-‘‘ Varn” (1384-horsepower) diesel. 


UI 


Cost Cost per 

: Item. Roak, 4 data yards 

) Labour Operabingae aie) eo 2s. 3d. 0:47d. 
Repairs, overhauls, ropes, spares, 

s eto. . Pet cnet te ear t:  ure es 3s. 3d. 0-67d, 

: lt Sy WES 10d. 0:17d. 

BPONCENGCOStS ae, ee ss us) wate ls, Od. 0:20d. 

Total ‘ 7s, 4d. 151d. 

: Drag-ropes included in item 2 Is. 34d. 0:27d. 


r the type of digging, it was possible to lengthen the teeth with efficient 
ults: in the case of one bucket they had increased the teeth-length by 
34 inches, resulting in a considerable increase in production. The same 
remarks applied to the type of steel used in the construction of the bucket ; 
st manufacturers were using manganese steel for the mouthpiece, but 
Mr, Bailey’s view that was not by any means necessary in the majority 
f jobs. The virtue of manganese steel was that face-hammering tended 
) harden the face, and so resisted wear, but in many cases the material 
- was of a soft nature, and, therefore, no face-hammering occurred, 
h the result that the manganese steel lost its beneficial characteristic ; 
ct, his firm had found that mild steel was more suitable for the mouth- 
, particularly as it could easily be repaired by arc-welding. It had 
been found that mild-steel teeth of the longer type could be re- 
arpened by forging, thereby adding life to the teeth. 
"Mr. Bailey was very interested in the remarks made in the Discussion 
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in regard to the elasticity of steam-driven machines, but that extendd 
the issue very much further than the Author had done. The use of Wara 
Leonard control on the larger type of machines had, however, produce 
characteristics very closely approaching those of steam-driven uniti 
Nevertheless, the diesel engine had a virtue which could not be disregarde 
namely, that of giving heavy torques at low speeds. 
Mr. Harry Fairclough was particularly interested in Mr. Irelands 
comments, and in the Author’s statement on p. 12 § in which he said 
‘Users are recognizing that the lighter the bucket, consistent with i 
ability to dig, the greater the efficiency or pay load, and, if a larger outp 
is required or can be dealt with, the increase in output quickly pays for 
new bucket.’’ As the Author pointed out on p. 50 §, Mr. Fairclough ha 
purchased Ruston’s first dragline in 1918, the first to be built in Grez 
Britain. He had not, however, used the bucket supplied with the machina 
but had employed a specially light bucket of his own design. That buck‘ 
had part of the back cut away so that there was no corner for the sti¢k 
“bungum ” to adhere to. It also let the “ cut’ run through the buck 
until the bottom of the bucket was polished, and prevented adhesion of tl 
material. That bucket had doubled the capacity, and was from one-has 
to one-third of the weight of the bucket offered with the machine. Tha 
specially light bucket dug 250,000 cubic yards before breaking up, so thé 
it more than “ earned its keep.” | 
Theoretically, he maintained that it was necessary to have as mar 
types of dragline buckets as of hand-shovels, grafting tools, coal-spad 
square-mouthed spades, pointed gravel- or macadam-spades, coal-trimme 
spades, snow-shovels, and garden-spades. The ordinary general-purpos 
builders’ spade, which had been evolved by trial and error, was capable 
digging and holding 3 times its own weight in earth ; therefore a draglir 
bucket weighing 574 lb. should carry the 1,722 lb. of earth that it would di: 
His bucket would do that, and had been designed to that theory. | 
The usual heavy-type 8-cubic-foot bucket, weighing 604 Ib. w 
teeth, was a pick as well as a spade, but owing to the strong way it we 
constructed it had a resisting area on the bucket side, bottom, teeth, a 
gudgeon brackets, that in his opinion wasted a good deal of energy. 0% 
the “H.F.” light 16}-cubic-foot bucket the resisting cutting-area we 
78 square inches, and on the Ruston-Bucyrus bucket of 8 cubic fec 
capacity it was 122} square inches. The ultra-light buckets that he h 
made and used on Ruston Nos. 4 and 10 R.B. machines since 1926, wi 
capacities of 16} cubic feet, weighed 574 Ib., and were fitted with din | 
drag-chains. He had used them on a 35-foot jib set at an angle which wa 
stable for the machine (that being left to the driver). During the las 
14 years Mr. Fairclough had worn to destruction only two buckets : 


§ Page numbers so marked refer to the Paper (Journal Inst. C.E., vol. 14 (1939-4 
p. 8 (March 1940)).—Sxo. Inst. C.E. , 
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d been repaired with new cutting-lips as required. He had also found 
that the 4-inch drag-chains on the 16}-cubic-foot bucket lasted longer than 
the 8-inch chains on the Ruston-Bucyrus 8-cubic-foot bucket, especially at 
the coupling link. 

a With the Ruston-Bucyrus No. 10 R.B. machine, using Mr. Fairclough’s 
ight bucket, one driver, for a wager, loaded 156 tons of burnt red ore in 
75 minutes into thirteen wagons without a shunter, and loaded forty-five 
agons, equal to 540 tons, in 7 hours. The same driver loaded 570 cubic 
rds of loam into road-wagons in 11 hours with the same light bucket. 
Mr. A. F. Holden observed that, so far as The Stanton Ironworks 
Company, Limitedwas concerned, it was at the suggestion of the Author 
that a steam-driven dragline had been first introduced for stripping iron- 
one in 1925, in an ironstone quarry with shallow overburden. That 
achine first removed the 9-12 inches of soil before removing 3-6 feet of 
ybsoil, and then replaced them in their correct position on the ground from 
hich the ironstone had previously been extracted. That work had 
wmerly been done by hand-labour at a considerable cost. It was found 
at the dragline did the work better than hand-labour, as all the soil was 
reserved, and it proved that the restored land was better from an agri-- 
altural point of view than it had been before the ironstone was worked, 
cause a farmer ploughed his land only from 4 to 6 inches deep, leaving 
s much soil again which was never brought into cultivation. When the 
il was removed with a dragline the whole of it was lifted, aerated, and 
ixed before it was replaced, and soil was again brought into cultivation 
+ contained unconsumed manurial matter which materially benefited 
crop, which could be sown immediately. 

Mr. Holden’s firm at present had six draglines employed on that work, 
nd they had another ten machines stripping, soiling, and also loading 
stone. That was found to be the most economical method of work 
here it was possible; the sizes of buckets ranged from } cubic yard to 
ubic yards capacity, with booms of up to 75 feet in length, on steam, 


" Mr. Holden had accompanied the Author on a visit to Belgium to see 
he machine illustrated in Fig. 11 (facing p. 26 §) working on the Albert 
al, as a result of which four walking draglines had been ordered by Mr. 
lden’s firm. The first of them was already working. It was the first 
ts type to be introduced into Great Britain, its main particulars being : 
ket-capacity, 3 cubic yards ; length of boom, 135 feet ; and working 
ht, 143 tons. Its task was to soil and strip up to a depth of 40 feet, 
to load out the bed of ironstone into wagons running on a tramway on 
he surface alongside the machine. If that proved to be successful, Mr. 
Holden thought that the machine would be the forerunner of a large 
‘number of walking draglines, which would be uséd for stripping to depths — 


§ Ibid. 
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which, up to the present, had been considered impossible; at the samt 
time it was possible to soil and level the surface of the ground on which 
overburden was deposited, so as to discontinue the practice of leaviri 
unsightly heaps, which existed in some parts of the country. 

Mr. B. W. Huntsman noted that reference had been made to th 
Salonika Plain reclamation-works. On those works seventeen draglines, « 
sizes from 3 cubic yard up to 6 cubic yards, had been used for the excavatia 
of canals and the formation of embankments. Some particulars of thos 
draglines, for comparison with the figures given in the Paper, were show 
in Table VII. 


Tasie VII. 


Average — 


Weight : output: cubib 


Horsepower Horsepower tons per Ground- yar ' 
Draglines. per per pressure ; lb. per fs cub 
cubic yard. | ton weight. grin square inch. yaa of buakes 
capacit: 
Small <a 84-88 2-4-3-0 28-36 : ey NA: 13 46-72 
Large . . 63 0-83 76 224 


Mr. Davidson had suggested that it would have been more convenit 
if the working costs of those machines had been given in pence inst 
in cents. Unfortunately, that was not possible, as the oxchacilll 
of the Pound sterling, the United States dollar, and the Greek drach 
had fluctuated considerably throughout the period of the work. In an 
case, comparison of the costs of work in different countries and at different 
times was apt to be misleading without full knowledge of the costs 
labour, fuel, and lubricants, and of all the local conditions of the work 
The details of the comparative operating costs of diesel and steam machine 
on the Salonika works could be seen from Table VIII. 


: 


Taste VIII. 
Unit costs: cents per cubic yard. 
ni 
capacity: 
Draglines, Fuel. Lubri- 
base A eatal Spares Labour Labour a 
bsg repairs. |machine. rennin’ 
On Lanp 
Diesel. . . 2 Diesel | 0:20 | 0:25 | 0:80 | 0:83 | 0-21 | 2-29 
oil 
Steam.” .. , 2} Coal 1:73 0-26 1:04 1-42 0:43 4-88 
FLoating 
Diesel-electric 34 | Diesel} 0-40 | 0:38 0-77 1:51 0-19 | 3:25 
oil 


Steam. . . 1} Coal 2:00 | 0-28 0:96 1-63 | 0-13 5-00 
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The lower operating costs of the diesel machines resulted primarily 
from the lower costs of diesel oil, and secondarily from the lower cost of 
hour on the machines. As could be seen, the cost of excavation under 
ater was relatively more expensive than on land. The diesel draglines 
m land had an hourly output per cubic yard of bucket-capacity 12} per 
ent. greater than that of the steam machines. The time lost in washing- 
ut and greasing the steam machines was 13 per cent., as compared with 
per cent. lost time in greasing the diesel machines. The average life of 
tag-ropes was 3-5 weeks; hoist ropes lasted 4-7 weeks. The use of 
mber mats for the 6-cubic-yard draglines increased the cost of excavation 
y about 10 per cent. in wet weather and on bad ground. 

- Mr. Brocklebank had commented on the fact that the }-cubic-yard 


TaBLe IX. 
Unit costs; cents per cubic yard. 
2 Output : Percent- | Cost: 
| Diesel machine. | cubic yards as $ per 
¢ 3 per month. | [vae)” | month. F rene Repairs, ore Total. 
og cants, : machine, 
- cubic yards 
| (actual) yi 33,500 47 770 0-45 1:01 0:83 2-29 
cubie yard 
actual) - 22,800 76 380 0:36 0-62 0:73 1:71 
ubic yard 
adjusted) . 13,800 47 356 0:40 1:00 1:18 2-58 


ly required an examination of the conditions under which each was 
rking. The excavation from the 2-cubic-yard draglines had generally 
n used in the formation of embankments; the }-cubic-yard machine 
been employed for drainage channels where the spoil could be dumped 
hout careful placing. The figures for the 2-cubic-yard draglines were 
average of 53 machine-months ; those for the 3-cubic-yard referred to 
ly 6 months’ work*. The time lost per month in moying the 2-cubic- 
d draglines from place to place was greater than in the case of the 
ubic-yard machine. An indication of the conditions under which the 
chines worked could be obtained from the fact that the average output 
of the 2-cubic-yard draglines was only 47 per cent. of the best month’s 
put, whereas the $-cubic-yard machine had an average output of 
per cent. of its best month’s output. A rough comparison of the pro- 
Je unit costs of the two types of machine when working under similar 
ditions could be made by adjusting the figures for the small machine, 
las shown in Table IX. i 
B. W. Huntsman, “ The Salonika Plain Reclamation-Works.’’ Journal Inst, 
vol. 5 (1936-37), p. 280 (March 1937). coal? 
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The main reason for the lower unit cost of the larger machine, compat ; 
with the adjusted cost of the smaller machine, was the lower labour cost pe 
cubic yard. No fair comparison of capital costs was possible on accoun 
of the different conditions which existed at the different times when th 
machines were purchased. —- 

In Table X the operation-costs of a diesel-electric multi-buck« 
excavator were compared with those of the 6-cubic-yard diesel-electr1 


TABLE X. 


q 


i- ~ Cutter-suction r 
Diesel-electric machines. Multi-bucket 6-cubic-yard bf 


excavator. dragline. dredger. 


¥ 


Weight'.""t0na fo. ean rere eer . 265 455 850 
Horsepower . . SHE 475 380 1,800 
Cost, including erection : S atthe 170,400 204,000 258,400 
Average output per month: cubic 


yards . ‘ ae wae ee 133,000 78,000 424,000 | 


Time: Digging: percent. . . 72 71 ei 
Greasing: percent. . . 8 7 
Repairs, overhauls, etc. ope 
cent. . 12 14 
Weather, and other causes, 
eee as Re ST ey ems 8 8 15 
Total: per cent. 100 100 100 } 
Average costs permonth: $ . . 2,780 2,010 5,500 
Average unit costs: 
Fuel: cents per cubic yard. 0-26 0-43 0-27 
Lubricants, etc: cents per cubic 
yards. . : 0-30 0-37 0-30 
Cables, spares, repairs cents per 
cubic yard . : 0-59 0-81 0-32 
Labour on repairs : cents per 
cubicyard . . . 0-20 0-19 0-09 
Labour on machine : cents per ,: 
cubic yard . , . iS as . 0-74 0-78 0-31 | 
Total 2-09 2-58 1-29 


draglines when those machines were working at the same time and mde 
similar conditions on the Circulatory canal*. Those costs referred on 
to straightforward work, and it had to be borne in mind that for other pa 
of the work which were not straightforward the multi-bucket machine ¥ 
unsuitable and only the draglines could be used. 

For the excavation of the Axios diversion-channel, with a maxim | 
bed-width of 75 metres, it was decided to use a diesel-electric cutte 
suction dredger (the water for flotation being obtainable from the exii 
river), instead of using either draglines or multi-bucket excavators int 


* Journal Inst. C.E., vol. 5 (1936-37), p. 263 (March 1937), 
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dry. The average operation costs for that dredger were shown also in 
Table X ; and it could be seen that the resulting costs certainly justified 
the choice of a dredger for that particular work. ; 

_ Mr. J.P. Kriel referred to the location of the dam of the Vaal-Hartz 
Irrigation Scheme in South Africa (p. 36§). The Vaal dam, which stored 
water for the scheme, was actually below the junction of the Vaal and 
Wilge rivers, south of Johannesburg, whence the water flowed down the 
Vaal river for abour 300 miles to a weir 40 miles from Kimberley. 

_ For the use of a 1-cubic-yard steam dragline in 1931 in an excavation 
about 600 feet by 60 feet by 9 feet in connexion with the Rhodesian Rail- 
ways in Portuguese East Africa, the cost was found to be 74d. per cubic 
yard, inclusive of depreciation and overhead charges. That figure was 
kindly supplied by Mr. D. Hole, of the Irrigation Department of the Union 
‘of South Africa, and formerly of the Rhodesian Railways. 

Mr. J. P. McNamara observed that, as a user of draglines, power- 
‘shovels, and skimmers, of from 3 to 3 cubic yards capacity, working in the 
‘stratified deposit shown in Fig. 15 (facing p. 30 8), his experience was that 
‘the modern dragline was the most efficient, owing chiefly to its wide range 
‘of operation—an advantage which enabled the attendant transporters 
‘necessary when power-shovels and skimmers were used to be dispensed 
with. 
The Author might have dealt more fully with the improved performance 
“which could be obtained from a selected type of bucket, as compared with 
the only type available up to a few years ago. All other conditions being 
“similar, the replacement of one of the original-type buckets by one of a 
‘more suitable type had enabled an increase of nearly 100 per cent. to be 
‘obtained in the output of selected material from the face shown in Fig. 15 
(facing p. 30 §), with a decrease of 85 per cent. in the cost of bucket main- 
| tenance. 

Mr. McNamara had found that it was possible on deep faces to co- 
ordinate the paying out of the drag- and hoist-ropes so as to place the 
bucket well beyond the boom-head radius without causing material damage 
‘to it. The gain effected by working at that maximum radius, plus the 
"saving in extra capital expenditure in the purchase of a larger machine, in 
"many cases more than offset the drawback of the increased cycle-time, plus 
any damage to the bucket which might occur when the smaller machine 
| -was used. 

Increased efficiency would be obtained if it were possible to hoist the 
Joaded bucket on arrival at the boom-head radius. The existing method of 


hoist it so as to prevent spillage, until it had been dragged in to a point 
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drive had largely superseded the steam unit. The figures of comparati 
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anywhere between two-thirds of that radius and the fairlead, On longs 
boomed machines considerable time was lost in the operating cycle. Th ; 
estimated power wasted was more than that required to fill the bucket, a 
unnecessary wear was caused by what appeared to be a needlessly long ‘rags gy 

Mr. H. K. Scott observed that the Paper was timely, because econ Lyi 
of man-power in handling materials was particularly necessary when a 
intensive national effort was required. The last war had given an impetu 
to the use of mechanical plant of the digger type, as exemplified i in the 
ironstone quarries of the Midlands, with the result that a largely increasec 
output was obtained and many men, hitherto employed for getting h 
mineral by hand, were released for active service, Customs in Gre 
Britain were modified more slowly than in some other countries, notably 
the United States, and the application of labour-saving equipment fon 
handling materials had lagged behind to the extent of a decade or more 
It was true that mechanization tended to create unemployment, but a a 
remedy for that had to be found in some other way than by perpetuating 
the use of hand-labour for operations involving arduous physical effort,! 
when in other countries, even where the standard of living was low, moderm 
equipment for the handling of materials was in general use, and was obtail 
ing outputs unattainable by hand, Tribute should be paid to the pioneer: 
ing work carried out in the United States on the design and utilization of 
excavating equipment, for the efficiency of the machines of to-day was ; 
largely due to the field experience in that country, of different types ©: 
plant operated under varying conditions. 

Since the last war, the internal-combustion engine and the elee ric 


costs given in the Paper were, however, probably weighted against coal, | 
and it was not unreasonable to suppose that under war conditions in Great 
Britain, steam-operated plant might again be found necessary. 

The use of the dragline excavator for restoring land in the ironstone: 
area of the Midlands was most effective with overburden up to 10 feet in 
thickness, and the work could be carried out for a fraction of the cost’ 
of the hand-labour employed for that purpose until a few years ago. 
Where, however, the ironstone cover was much thicker, reaching 50 feet 
or more, similar treatment of the ridge and furrow, locally known as 
“hill and dale,” of the dump, was not possible, and afforestation appeared 
to be the only remedy for the surface damage produced by the qua: 
operations, 

Owing to the desirability of obtaining the maximum dumping radius 
from any machine, and especially from those of the larger type, it would 
appear that the use of an alloy steel of high tensile strength and resistance 
to fatigue and corrosion, would give an appreciable reduction in weight 
of the boom, without any loss of strength, as compared with the use of 
ordinary steel. 

The costs given in the Paper were useful, but they would have been 
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“more valuable if they had included figures for interest and amortization of 
‘capital expenditure. One of the greatest difficulties in excavating plant 
| was to keep it fully employed, especially in the case of the larger units. 
In practice that was probably never achieved, and when for any reason the 
efficiency of operation was low, the incidence of capital cost, depreciation, 
and overhead expenditure would be appreciable. 

It might be of interest to mention that the application of the dragline 
principle was becoming general in underground work for loading mineral 
at the face or in the stopes into wagons, by means of a bottomless bucket, 
as indicated by the ‘‘ Dragveyor.” It was increasingly difficult to secure 
labour willing and able to undertake work involving intense physical 
éffort, especially underground, and the scraper had reduced appreciably 
that drawback of mining. 

_ Mr. E. G. Walker observed that the Paper emphasized, by reference 
5. some of the more striking uses to which dragline excavators had been 
put, the great advances that had been made in a comparatively short 
period in that method of excavation. Although the Author referred to 
the use of draglines for excavation of hard materials and rock, and gave 
examples, the natural conclusion that was to be drawn from the basic 
principle of the machine was that it was suitable principally for soft 
materials, such as those for which it was employed first. By far the 
yreater part of the materials that had to be moved by excavating machinery 
ere of a character which did not require high pressures on the bucket 
eth. There was another group, smaller in magnitude, of materials 
hich could be excavated without preliminary blasting, but which, 
‘nevertheless, required considerable effort in breaking down. For such 
materials the power-shovel was bound to be the more suitable machine in 
‘many cases, if only by reason of the greater rigidity with which the bucket 
“was held to its work, and, consequently, the greater force which could be 
| exerted by it to break the face. There was, however, no doubt that the 
| ability to excavate below the level of the surface on which it stood gave 
| the dragline a substantial advantage for the removal of broken rock, 
| similar to that referred to on p. 36 § and illustrated in Fig. 22 (facing 

2 fenoda add to the value of the Paper if the Author would give some 
‘comparison of performances and costs of operation of draglines and power- 
‘shovels for conditions in which the two were comparable. 

After the several descriptions of the varied applications of draglines 
‘to large and frequent excavation-problems that were given in the Paper, 
the Author’s statement on p. 29 § that the excavation of sand and gravel 
“is one of the best known applications of a dragline ” seemed hardly in 
‘accordance with fact. Although the dragline, in common with almost 
‘every other type of excavating machinery, was in use for the digging of 
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gravel deposits, its use was by no means general. For dealing with under r 
water deposits, and also for excavating in dry pits, the dragline might be a 
useful machine if the nature of the deposit and the circumstances of its) 
development were favourable. That was not, however, generally the cases 
From consideration of the costs of general excavation which were giv 
in the Paper, it did not seem likely that the dragline could, in general. 
give such economical results as the hydraulic methods which were in more 
frequent use in modern wet pits. The hybrid system of dragline an 
gravel-pump referred to in the Paper might be suited to a special cases 
but it was difficult to believe that a process of lifting the material by bucket: 
and then dumping it into anything up to 30 feet of water, to be picked upy 
again by a pump, could be suitable for use in the normal circumstances off 
gravel pits. 
A gravel so consolidated that it could not be broken down by a moderns 
gravel-pumping plant was an exceptional material; having regard to 
the competitive nature of the gravel trade, it was questionable wheth * 
such a deposit would be suitable for commercial exploitation. If it wereq 
required to excavate such material, it seemed hardly likely that a bucket 
pulled over the face of the gravel and dependent entirely on its own weight' 
for its bite would do what a powerful gravel-pump could not do. Theree 
seemed to be little ground for expecting any future tendency towards the¢ 
replacement of gravel-pumping plants by draglines. . 
The Author drew attention to one of the most fruitful sources of wastet 
in gravel-pumping when he referred to the length of the pipe-line. Ther 
was no doubt that in many pits there was a tendency to work with pipe 
lines that were too long to be efficient. That naturally arose from thi 
steady increase with time of the distance of the excavation face from th 
washing and grading plant. When the economical limit of direct pumpin; 
had been reached, discharge from the gravel-pump into a dumb barge 01 
hopper, which was towed across the pond and discharged at the main 
plant by a shore pump, was usually the cheapest method. Water-carriage 
was less costly than that by railway and tip-wagon, and a shore pumping 
plant usually obviated the necessity for further washing. It was unlikely 
that a dragline operating in conjunction with barges and grabbing cranes 
and presumably requiring also further washing plant, could be operated 
as economically as a complete hydraulic plant. 
The conditions in a dry pit were different. It was quite possible that 
the dragline might show advantage over other forms of excavator in thi 
case. If data were available, a comparison of draglines with power- 
shovels, bucket-excavators (“land dredgers”), grabbing cranes, etc. 
would be of value in that connexion. In gravel workings of magnitude, 
however, the dry pit was the exception rather than the rule. 
The case cited by the Author on p. 29§ of a pit in which a 15-foot 
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/b ed of gravel was covered by 15 feet of clay was also exceptional. Only 
abnormal circumstances could make the operation of such a deposit a 
workable proposition commercially. 
_ The Author, in reply, observed that there was very little doubt that 
the dragline excavator was capable of dealing with rock much better than 
most dragline users realized, and the amount and cost of explosives necessary 
to blow rock out of a face to enable a dragline of suitable size to deal with 
it effectively was not excessive. He considered that a maximum of 25 per 
nt. more explosives might be necessary, as compared with a shovel of 
‘similar size, but on most jobs it would be less than that figure. The main 
| point was that the rock had to be broken to a size comparable with the 
‘power of the machine and the capacity of the bucket. Referring to 
ig. 2 (facing p. 14§), the machine illustrated weighed only 40 tons and 
. 


. 


2 rried a 14-cubic-yard rock-type bucket; yet no trouble was experi- 
en ced in dealing with the rock, which resembled basalt or granite. The 
Author had been informed that an output of 90 cubic yards loose measure- 
ment per hour was obtained under the conditions illustrated, and that the 
orking cost per cubic yard was much less with the dragline than with a 
shovel of similar size working in the same cutting, but standing, of course, 
nthe bottom. Admittedly, that was largely due to the material from the 
ovel having to be transported to the surface by means of wagons, whereas 
e dragline dumped the material direct. That statement also partially 
nswered Mr. Walker’s query. Actual costs of the two types of machines 
ere not available. Another example known to the Author was in 
onstone at Frodingham, which was excavated without the least difficulty 
by a dragline fitted with a 12-cubic-yard bucket, using only the same 
amount of explosives as for a steam shovel, of 24-cubic-yard capacity, 
working under the same conditions. 

_ Drag-rope wear, as referred to by Mr. Bailey, seemed inherent in 
draglines, in spite of the joint effort of users, wire-rope makers, and 
excavator-manufacturers to reduce it. It was due to a variety of causes, 
including bending around the fairlead pulleys and dragging the rope 
| through what was frequently gritty material, to which causes was fre- 
uently added the effect of throwing the bucket for dumping, which often 
sulted in the rope spinning. To increase the effective life of the rope it 
"was advisable to turn the rope end for end when it was about half worn out, 
"or, if the length of rope allowed, to cut off several feet from the “ digging ” 
"end so as to alter the wearing position. 

- To reduce overhead costs per cubic yard, mentioned by Mr. Scott, it 
” was advisable in the case of large expensive machines to work them in two, 
‘or if possible three, shifts per day. : 

The Author could assure Mr. Walker that he knew of many places 
| where even a small dragline had successfully excavated gravel too com-~ 
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pact for the gravel-pump to deal with, and he did not agree that the diggin: 
ability of a dragline bucket depended entirely on the weight of the bucke 
as, although the latest type of dragline bucket was considerably lighte 
than the old type, it would deal better with much harder and more com au 
material. 

Mr. Fairclough’s observations on ultra-light buckets backed up th 
statement on p. 12 § that “ Users are recognizing that the lighter the bucket: 
consistent with its ability to dig, the greater the efficiency or pay load. . ..’ 
It should be recognized, however, that manufacturers had to supply « 
bucket “ to stand up against, not only the digging stresses, but possibly ¢ 
certain amount of maltreatment . . .,” as mentioned on p. 10 §. 

Mr. Fairclough’s observations would probably be of interest to <a 
Walker, in that they showed that the digging ability of a dragline bue 
did not depend entirely on its weight. | 
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Paper No, 5216. 
“The Sewage-Disposal of Delhi.” t 


By Joun ALDHELM Raikes Bromace, M. Inst. C.E. 


Correspondence. 


Mr, A. W. H. Dean observed that Mr. Townend (p. 189 §) was correct 
in stating that the final choice of a “ Simplex ” plant for Delhi was dictate 
by the ability of the contractor to tender not only for the disposal plant 
but also for various additional items, such as quarters for the staft, ete 
all of which were included in his tender, in which the rate quoted for th 
job as a whole was lower than that of any competitor. 

__ A year or two before the scheme for the general disposal of sewage it 


+ Journal Inst. C.E., vol. 14 (1939-40), p. 157 (April 1940). 
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elhi was finally decided upon, a small plant was installed to serve the 


Tmperial Agricultural Research Institute at New Delhi. That Institute 
was on the other side of the local main watershed ; hence disposal to the 


‘existing sewerage system was not easy, and an independent disposal 
‘Scheme was designed. It also had the advantage that it gave a consider- 
able supply of sludge which could be used as manure, and also of effluent 
which could be used for irrigation purposes in the Institute. Mr. Dean 
4 ANALYSES or Raw SEwAGe: Parrs PER 100,000. 
a 
eee j Free and A Oxygen- Oxygen- 

4 Albuminoid ‘ i 

] ; absorption : bsorption ¢ 
B enim, | ‘ammonia. | SPeopupn | steepae 

Priil937 . =... | 1250 5-0 4-10 11-06 

May i, Se ec ens 6-25 1:79 1-90 5-03 
June LT i 6:25 1:39 1:26 5:38 


A _ Monruty Averace or THE Erriunnt-ANnaLysis BasED UPON WrEKLY 
(48 Estimations: Parts PER 100,000. 


Free and Aare At 65° 
uspended : Albuminoid : "90 
2 Titties. store ammonia. Nitrate. (s E - ) 
LOST OE 0:33 0:12 0-06 1:53 0:32 
Res aiite 0-54 0:27 0-11 1:40 0-83 
es ai ae PA 0-31 0:08 0:05 1-50 0-41 
Aim, ais 5 Saeed 0-32 0:12 0:05 1-50 0-29 
Stent ¢ 1:03 0:22 0:09 2-16 0:58 
Toe ee 1:55 0:29 0-14 2:34 0:76 
GSS tone. 1:68 2-45 0-14 0°35 0:84. 
Sats Sa ee 1:04 0-58 0-12 0:90 1:26 
: - | 1-29 1-30 0-13 0-41 2-85 
% = 1-16 0-14 0-51 a 
F 1:12 0:45 0:10" 1-01 1:35 
; 0:43 0:30 0-07 115 0:70 


* Average of 14 estimations. 


s in charge of the installation of that plant. The activated-sludge plant 
1 the Institute had been working since April 1937, and was dealing with 
\ to 50,000 gallons of sewage daily from a population of about 1,500 
ople. About 30,000 to 40,000 gallons of effluent was being obtained 
y, and was used for irrigation purposes. The sludge was dried in the : 
sun over drying-beds. Analyses of raw sewage-effluent after purification, 
and of sludge, were made regularly. ee 
Sewage had been taken into the plant since the last week of January 
1, Systematic analyses of the effluent had been made since April 


— total P,O;, and total K,0. 
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1937. The staff consisted of one mechanic, who also worked as an engi 
driver for one of the shifts, two engine-drivers, three oilers, and fou 
sweepers. . . 
There were two compressed-air engines, which were operated alter: 
nately by electricity for the continuous aeration of the tanks. The tota: 
power-consumption was about 60 units per day. 
The analytical figures for raw sewage and effluent, on p. 553, indicatec! 
that sewage-purification by the plant could be taken to a stage of purity 
of the effluent according to the standards laid down by the Royal Com 
mission on Sewage-Disposal, namely, 3 parts per 100,000 of suspendec 
matter and 2 parts per 100,000 of biochemical oxygen demand. 
In the following analyses of the sludge on the dry basis, the resul 
were given as percentages. 


March 1937. 


Moistare:<f sec ask, Se eee 4:64 

Toss, O%LignitiON wy - ove ca eS 47-43 

Mineral matter” sg csyns* as cette 52-66 

On dry)Sandand silica. . .- - - - «= - 35-98 
Dasis’\ Votalmitropel, . 9.) « f= ss en «= 4-02 
Total: P.O...) Seaiuoth eee Eee 2-14 

Total "K.O” © AMMGIG® So Se ss 0-99 


With regard to the manurial value of the sludge, no systematic field 
experiments could yet be arranged at Delhi, as some time would be requi @c 
for the land to become ready for field experiments. Preliminary exp ori- 
ments had been carried out in an area of 9-47 acres near the sludge-plant 
and the yield of oats and barley had been very satisfactory. | 

Mr. F. C. Griffin, who was the Author’s successor at the Delhi sewa 
disposal works, remarked that a few particulars as to the present opel 
tion of the works might be welcomed. The contractors undertook, : 
their original guarantee, to purify a screened domestic sewage witho 
trade wastes, having an analysis according to an attached schedu 
The schedule contained certain analyses made in 1934, and other anal: rs 
made in January 1935, and the figures varied widely. For instance, 
the 1935 figures, the oxygen absorbed in 4 hours varied from 2-64 to 6: 
parts per 100,000, and the suspended solids from 19-0 to 86-0. The averag 
of the figures was given in the first column of the following Table. Th 
analyses made during the tests in September 1938, and those of the sewag 
now, were given in columns 2 and 3. _ 

The crude sewage samples were taken at the point where the sewag 
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a —————— 


1935. September | May 1940. 
‘Total solids: parts per 100,000 . . . 162-36 120 to 145 | 120 to 140 
‘Suspended matter: parts per 100,000. 56-92 50 to 75 60 to 70 
“Oxygen absorbed in 4 hours: parts per 
~ 100,000 bing 23 Spl er ene 5:24 6-8 to 11 8 to 12 
ree ammonia: parts per 100,000. . 8-63 _- 3:0 to 3-8 
Albuminoid ammonia: parts per 100,000. 1-12 — 0-8 to 1-2 


| 
— 
s 


tered the purification plant at Okhla, the screening and removal of 
detritus having been effected 3 miles farther back, at Kilokri. 
__ The analyses of effluent were then as follows :— 


ey 


= Totalsolids : . . . . . From 60 to 65 parts per 100,000. 
= Suspended matter eee nA Tt es led: 55 5h BS 
xf Oxygen absorbed in 4 hours . S Wile ded: ie - ris 
oi Freeammonia ... .- .- gS EIST ee ae 
Ss Albuminoid ammonia . . . ts 0:12 40:18 a5.5 - hd 
eo ING ELIS Seeder benno 0:005rs;-40stan ss a ae 
ee. Nitrates cs eens pe cat eo | ss 4 0:0002", 20:01 Fr > Gs, os 
4 Biochemical oxygen demand . fas ()" Stetina idee 5 oo) aes 


It was still impossible to state the exact population served ; 550,000 
"was still the nearest estimate, of which 74,300 might be taken as the popu- 
ation of New Delhi. In the hot weather those figures were reduced by a few 
housands. Fig. 10, p. 556, showed the relation between water-supply and 
wage-flow from 1932 until the present date. Up till the end of May 1938, 
sewage went on to the old Kilokri sewage farm. The new works were 
brought into operation in June 1938, and the Kilokri farm was shut down 
m August 1938. Since then the flow of sewage had been about 80 per 
nt. of the water-supply, and at the end of May 1940 was about 13 million 
lions per day. That was about the maximum dry-weather flow. For 
population of 500,000, the quantity of sewage per head per day was 
gallons. That was the hottest season of the year, when the population 
s slightly less but the water-consumption per head was considerably 


creased. 
Fig. 11 (a), p. 557, showed typical diurnal variations of flow as recorded 


+ Okhla, from a minimum rate of 4 million gallons per day at 6.0 a.m. to a 

aximum of 19 million gallons per day at 2.0 p.m. The second peak was 

from 9.0 p.m. to midnight. 

_ Fig. 11 (b) showed the diurnal variations at Kilokri, at which point 

the peaks occurred 2 hours earlier than at Okhla. That chart was 
ained by combining the readings of the two meters on the rising mains, 

hilst an addition of about 0:5 million gallons per day had to be made to 

allow for the periods when the main-pumps were standing and the detritus-_ 
pur ing, during which the meter did not record the detritus- 
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In the dry season, the quantity of detritus taken out by the hydraul 
separator plant was eight wagons of 18 cubic feet capacity per day. — 
loaded wagon contained about 30 per cent. water, and the daily quantiti 
of solid dry matter removed was between 33 and 4 tons. The bulk of tha 
material was floating, or nearly floating, wood, charcoal, and ashes. A ates 
deal of silt and fine sand passed the entrances of the detritus plant, a 
accumulated in the open channel between those entrances and the suctia 
pits of the pumps. That had to be cleared every 4 weeks by hand: - 
operation costing about 50 rupees (£3 15s.)—and the quantity remove 
each time was about 200 tons. The removal was effected by hand-stirring 
and by pumping silt and water together to low land near the head of th 
rising mains. | 

Some fine sand was also carried through with the sewage to Okhl: 
where, however, it probably assisted quick settlement in the priman 
settling-tanks. There was no deposit either in the gravity-duct fron 
Kilokri to Okhla (gradient 1 in 2100) or in the 14-foot well at the nded 


of the rising mains. . 
Le 
bh 


The wells of the detritus plant were 13 feet 6 inches in diameter, wi 
about 135 square feet net horizontal cross-sectional area. When 
sewage-flow was divided, half over the weir and half through the : 


giving, say, 11 cusecs through the well, the upward velocity in the wW 
was 0:08 foot per second. The corresponding horizontal velocity of 1 
remainder of the sewage-flow over the weir (4 feet wide and about 1 fe 


th 
deep) was 3 feet per second. That would mean that the bottom 3 feet c 
water went into the well, and that the uppermost 1 foot passed over th 

weir. In the separator, an upward velocity of 0-5 foot per second wow 
be given when the detritus-pump delivered 4 cusecs vertically down thi 
centre. ‘ | 
The detritus-pump worked intermittently—10 minutes running an¢ 
20 minutes idle. 1! 
As regards the statement that sludge-digestion was considered to‘ 
revolutionary for Indian conditions, it might be pointed out that sludge 
digestion, with collection of sludge-gas for supply to an 80-horse-poy 
engine, had been in operation at Bhatpara, Bengal, since 1933. ! 
At Delhi, by February 1939 (when Mr. Griffin took over from th| 
Author), the trouble due to flies breeding in the dried or semi-dried slud 
from the drying beds was considerable. A month or two later, the trouk 
had developed into a serious public nuisance, concerning which the medit 
authorities were very alarmed. The nuisance spread to villages as mut 
as 4 miles distant. Prompt action was necessary, and within a month : 
temporary digestion-tank was constructed. That was partly for demo 
stration purposes, and partly for dealing with at least a portion of 
sludge. Immediate possession was also taken of low-lying plots of 
nearby, which were formed into lagoons in which the fresh liquid sl 
could be digested. Direct attack was also made on the heaps of magg: 


/ 
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infected material by means of flame-throwers and brick furnaces. One 
large heap was rendered innocuous by throwing an earth-embankment 

und it and flooding it. The drying-beds were put out of action com- 
jletely, except for such small quantities of undigested sludge as were 
required for immediate dispatch from the works to purchasers. In the 
meantime, preparations had been made for digestion-tanks to deal with the 
whole flow of sludge, and those were completed in April 1940. There 
were twelve open tanks, each averaging 210 feet in length by 373 feet in 
width, with a 12-foot depth of sludge. The tanks were unlined, though 
obably brick-pitching at the ends, for 4-foot depth, would be added. 
he tanks were placed so that the sludge gravitated into them from the 
ain works. There were three draw-off valves at the outlet end, one 
awing from the foot of the bank, the second drawing from a point 30 
out from the bank, and the third drawing from a depth of 4 feet. 
total capacity of the tanks was 1,000,000 cubic feet, that was, 2 cubic 
feet per head. That capacity was found sufficient at the Bhatpara works. 
the digested sludge discharged by gravity into forty new unlined drying- 
sds, with a total area of 43,000 square yards. Those were intersected 
y surface drains and roads, the drains discharging seepage-water or rain- 
ater by gravity into the adjoining main effluent-channel. The roads 
we access to each separate bed, so that lorries or carts could be driven 
ght up to the dried sludge, and loaded direct. Overflow-water from 
the tanks flowed to pumps which could discharge the water either back to 
the beginning of the plant for re-treatment, or intoalagoon. That lagoon 
was 2 acres in area, and was located at the top of rising ground from which 
e effluent-water irrigated about 30 acres of land which would otherwise 
s out of command. The seepage-water discharged by the drains around 
the tanks and beds amounted to about 2,000 gallons per hour, even in the 
dry hot weather. The digestion tanks and new drying-beds cost 60,000 
upees. 


Large quantities of digested sludge had already been sold. For: pro- 


luction of a better quality of manure, a proposal was under consideration 
for drying-out surplus activated sludge separately, and mixing it in a 
srinding process with an equal quantity of digested sludge. Such a mixture 
as found to be quite safe from fly-breeding, even when it was left lying 
yout in heaps and allowed to become wet again. Samples of that manure 


1a d been produced, and were under trial. The analysis was as follows : 


Nitrogen . . . 2-275 per cent. 
Phosphate . 1-402 ,, >, 
Organic matter . 49-2 Soe 


- The manure (in powdered form) could be dispatched in bags by rail, 
: delivered to places near at hand by covered lorries. The railways gave — 
concession rate for manures at 1 anna 5 pies per maund (2:27d. per cwt.) 
i distances up to 50 miles. 2 


4.45 3 
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Meanwhile the purified effluent was being used to irrigate about 3,01 
acres of land, and results far superior to those obtained on adjoining cana, 
irrigated land were being obtained. By taking off effluent at the highes 
level possible at the outlet end of the plant, it was found to be just possibl 
to pass the water by gravity as far as Badarpur. The full value of th 
nitrogen so supplied could by no means be realized, but rates were h ein 
charged double those for canal water. The medical authorities ha. 
stipulated that no crops which were eaten raw should be grown. The Boan 
was now laying out a 41-acre experimental agricultural farm. That woub 
be equipped with a 12-foot well 45 feet deep, electrically pumped, so tha 
experiments could include irrigation with effluent only, with well-watd 
only, and with mixtures of the two. On the main area, wells formed th 
only sources of water for dilution. Water could be obtained from th 
Agra canal only by pumping, and as the canal authorities of the Un ite 
Provinces had not sufficient water for irrigation in their own region 
they were not likely to give water to the effluent-irrigated area of Delll 
province. The canal authorities would allow effluent-water to be passe 
into the canal only when the dilution was 1 to 250, because the canal-wate 
was used by villagers for drinking. 
Sludge-gas was not being collected at present, because electricity wa 
supplied at 0:45 anna per unit by another public body of the same provi IG 
A scheme had been suggested, however, with a capital expenditure of thi 
order of £75,000, for collecting the gas and using it in motor-vehicles. Th 
scheme offered a big reward, a return at least four times greater than th 


bee 


on the disposal works. The bricks were more porous and of roug he 
texture than English bricks, and perhaps the adhesion was better. 


could be absorbed. The mixture used was the ordinary jelly diluted w 
four times its volume of water. It was found that such surfaces wer 
smooth, that sludge did not readily adhere to them, and that they we 
very impervious and hard. Sludge-gases did not readily attack the 
Those results could be obtained for 6 shillings per 100 square feet (possibl. 
for half that cost), and were well worth the money. 
The 5-foot 6-inch outfall-sewers from Point Q (Fig. 1, p. 1588) to Kilol 
had a gradient of 1 in 2750, and a self-cleansing velocity could be obtain 
only by using them one at a time. The penstocks at Point Q, therefo 
were changed over daily, both being left open together only when 
occurred. 
The original contract was for a flow of 16 million gallons per day 
The contractors were asked to accept 18 million gallons per day, and the 
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teplied that whilst they believed the plant would carry it, they refused to be 
nancially penalized on that quantity. Actually the plant had carried 
; quite easily. All three sections were run during hours of heavy flow. 
t times of low flow, certain cones were stopped. The power-consumption 
emained within 420 units per million gallons per day, as against the 450 
‘units guaranteed. That was ample to ensure an excellent effluent. 
_ As to the 0-75-cubic-foot tank-capacity, the authorities at Delhi wanted 
» fully-purified effluent. They decided on price, guaranteed performance, 
d power-consumption under penalty, and had got what they paid for in 
good measure. 
Inthe Discussion the point had been raised as to why the wet raw sludge 
had not been put straight on the land. A small quantity had been 
‘spread, but it was not satisfactory on account of smell and flies, In a hot 
jountry with gentle breezes, such a smell travelled for miles, and so did the 
ies. That was why digestion had been introduced. The arrangement 
‘now made was such that digested sludge could be gravitated or pumped 
on to land in the neighbourhood, as an alternative to drying in the specially- 
‘prepared beds. 
_ Mr. J. B. L. Meek observed that very little information was given on 
he initial basis of the design. It was stated on p, 159 § that owing to the 
ize of the original outfall sewer being inadequate, a nuisance was created 
t the point Q. Was there any nuisance above that point? On p. 179§ 
he average rainfall was given as 40 inches per annum, of which 90 per cent., 
or 36 inches, fell in 3 months. With such a fall in 3 months the intensity 
“of rainfall at times was bound to be high. If Delhi were drained on the 
mbined system, the sizes of some of the sewers above the point Q, as far 
could be made out from Fig. 1 (p. 158 §), did not seem to be sufficient to 
e with a high intensity of rainfall. It would be a disaster if, after 
tting things right at the point Q, trouble and nuisance should still occur 
bove that point. Would the Author give some additional information 
that matter? For what population was the scheme designed ? What 
re the figures assumed for the dry-weather flow per head and the intensity 
f rainfall ? 
Mr. J. R. Taylor remarked that it was not clear from the information 
en in the Paper whether the sewerage-system of the Old City and the 
w Capital draining to the point Q was on the combined, the partially- 
separate, or the separate system. In any case, however, the principle 
dopted seemed to be that any flows in excess of 3 times the dry-weather 
w at, approximately, 25 gallons per head per day, might be discharged 
mtreated into watercourses and thence into the river Jumna, Such a 
ctice was not permissible in Great Britain, where it would normally 
necessary to give partial treatment to flows between 3 and 6 times the ae 
-weather flow ; only when the flow exceeded 6 times would discharge 


§ Ibid. 


_ Were roughing screens provided to prevent large objects from being caugat 


_ for washing it. 
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of untreated liquid into watercourses be allowed. It appeared that a 
certain times of the year the river dried up; was it certain that, at su ed 
times, the storm overflows would not come into operation? It was not evd 
that even the effluent from the disposal-works was chlorinated if it wer 
discharged into the river when the latter was dry; it would seem to pt 
still more necessary to chlorinate the discharges from the stormwat 
over-flows if there were no dilution when such discharges reached the dita dc 
up river-bed. 
It would be of interest to know whether the dry-weather-flow sews Bs 
at 25 gallons per head per day, was weak, medium, or strong. In Gre 
Britain, it would probably be a medium domestic sewage with little, if amy 
trade-waste effluent. 
Could the Author supply results of analysis of averaged samples o( 
raw dry-weather-flow sewage at Delhi? They would be of interest as 
indicating not only the dilution when the flow exceeded 3 times dry-weathe¢ 
flow, but also the load on the treatment-works. 
The two outfall sewers had a discharging capacity of 72 million me | 
per day, which was 3 times the ultimate dry-weather flow (presumably a 
25 gallons per hour per day) and about 5 times the dry-weather flow 
1936. Did the flow to the Kilokri pumping station at present ever reach 
that quantity, and if so, how was the excess over the present pum = 
capacity of 60 million gallons disposed of ? 
Screening of sewage was stated to be arduous owing to large quantitie¢ 
of bulky material entering the sewers. What was the nature of 
material, and had it influenced the design of the screens and raking ge 


up on the raking gear ? 1 

It would be of interest to have details of the detritus-wells and of the 
washing tanks, and also results of an analysis of the detritus before ana 
after washing. It was not clear why the principle of washing the detritns 
had been adopted ; as screenings were buried, it was natural to suppose 
that detritus could be disposed of in a similar manner without the necessit; 


quantity of the lighter and finer detritus materials would not be settlec 
charcoal was stated to be the principal constituent of the detritus, and | 
was doubtful whether that would be settled at such a velocity. 

The detention period of 14 hour’s dry-weather flow (p. 172 §) was Vel 
short ; so far as could be determined from the information given in th t 
Paper, the vertical velocity through the preliminary settling tanks, whe 
3 times the dry-weather flow was passing, would be about 34 feet per hour 
that was a very high rate, which would allow hardly any settlement o 
solids to take place. In fact, it seemed doubtful whether those tanks, i 


y 
With so high a vertical velocity as 1 foot per second, a considerable 
i 
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the circumstances, served any useful purpose, although he understood that 
with the * Simplex ” aeration system it was usual to adopt that short 
detention period in England ; in America, however, it was more usual to 
omit the preliminary settling tanks entirely. 
4 The method for relieving pressure behind the pocket walls was a simple 
‘solution of a troublesome problem, but it could be adopted only where 
atertightness was not of great importance and where leakage of sewage 
nto the subsoil was of no account. No doubt the local subsoil water 
onditions were such as to justify the method of construction adopted. 
How had the steel troughs been treated to protect the steel from the 
orrosive action of the sewage? Unless some special precautions had 
een taken, the troughs might require fairly frequent renewal. 
So far as could be ascertained, the sludge-bed area would provide 
| square yard for about fourteen persons on the ultimate population of 
50,000; the normal practice in England was to provide 1 square yard 
for every seven persons, but possibly the climatic conditions justified the 
‘smaller area in India. 
- The conversion of a water-board into a joint water- and sewage-board 
as of interest. It was ideal that the authority which extracted river 
water and purified it for domestic use should again purify it after use 
A efore discharging it back to the river. It would be still more interesting 
to know whether the charges for water covered the cost of treating the 
“sewage as well as that of supplying the water, as they should do. It was 
o be feared that the complication of administrative authorities in Great 
Britain was so great as to make the formation of a joint water- and sewage- 
board a difficult matter, but it was certainly worth the consideration of the 
Ministry of Health in certain cases. For example, would it not be an 
ydvantage, when a new joint water-supply authority was set up, if the 
omoters were made liable for seeing that the water which they supplied 
was not only rendered satisfactory for domestic use, but also was made 
innocuous after use ? 
_ The Author, in further reply to the Discussion and in reply to the 
Jorrespondence, observed that the results obtained from the small plant 
at the Imperial Agricultural Research Institute were of interest. The 
design and specifications for that plant were prepared by the Author. 
he reasons for the choice of the “ Simplex ” plant for the main instal- 
‘ation were not entirely financial. As stated by Mr. Dean, the tender 
or the “ Simplex ” plant, with all ancillary buildings, was lower than that 
of any competitor. The guaranteed power-consumption, figures for the 
* Simplex ” plant, per million gallons treated, were the lowest and, as 
stated by Mr. Griffin, that guarantee had been fully met. Moreover, the 
accessibility and the smallness of the mechanical and electrical units of 
the “ Simplex ” plant rendered it the most suitable for a work employing 
Indian labour. Such economical results could not be expected from a 
t of the size of that at the Agricultural Research Institute as from a 
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large plant, but 60 units of electricity for 45,000 gallons was equivalent to 
about 1,300 units per millon gallons, which compared unfavourably with 
430 units at the main Delhi plant. It would also be noted that the sewage 
was more dilute at the smaller plant than at the larger. } 

Although the main storm overflow was at point Q (Fig. 1, p. 158 
there were other overflows at points above point Q. In designing thei 
works described in the Paper, it was realized that sewers above point Q 
would, in time, have to be duplicated, and the matter was already in hand} 

The seasons in India were very regular, and at times when the overflows: 
came into operation, owing to heavy rain, the river would be in flood. The 
flow at Kilokri up to 1939 had never reached the capacity of the presenti 
pumps. 4 

Only one set of screens was provided. Large material, such as vegetables 
refuse, sugar-cane, wood, and cinders entered the sewers, The detritus 
was washed to remove, as far as possible, all organic matter and to reduce, 
the volume to be handled. 

The basic principle of charging for treating sewage in proportion to the 
water-supply had been followed, but certain adjustments had been made tot 
cover the somewhat different conditions prevailing in the various adminis-: 
trative areas. 


or another, would be adopted in the very near future. 

The charges for effluent used for irrigation were of interest. At the¢ 
commencement the .Author obtained 1-25 times canal rates for efflue nt, 
but it was realized that the charge would rise when cultivators appreciated 
the value of the service. Doubtless that figure would rise further, The: 
experimental farm, 41 acres in extent, would enable more accurate results 
to be obtained than would have been possible on the original small expert - 
mental farm. 

The results so far obtained, after nearly 2 years operation, showed that | 
a plant suitable to the Delhi conditions had been installed, although it! 
was to be regretted that the comprehensive scheme, including sludge- | 
digestion as recommended by the Author, was not adopted in the first 
instance. ; 
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CORRESPONDENCE ON HYDROLOGY OF THE YANGTZE RIVER. 


Paper No. 5223. 


“The Hydrology of the- Yangtze River.” + 
By Hersert Cuatiey, D.Sc. (Eng.), M. Inst. C.E. 


Correspondence. 


Mr. E. H. Essex had prepared, from Plate 2 and Table IV (page 232 §), 
columns | to 10 in Table V (facing p. 566, post). He was himself responsible 
_ for column 11, from which the figures in columns 12, 14a, and 16 had been 
derived. The efficiency factor was derived from observations. A value of 
_E =1-7 to 18 was a safe factor to use in the design of any straight channel 
in alluvium ; it suited the medium flows of almost any straight length of 
ecordings in rivers and canals, but rivers in flood might well rise to H = 2:5, 
which was the value indicated by most test-channel gaugings. For the 
ee in flood the value was E = 2, and in drought H =1; for the Missis- 
_ Sippi it was E = 2-5 in flood and E = 2 in drought ; those were the values 
adopted in column 11, and they yielded the slope-values in column 13, 
which appeared to be in reasonable accord with the limiting values of 
column 3. The Chezy values in column 12 and the Kutter values in 
column 14 appeared to be fairly consistent with general observations else- 
where, in spite of the dog-tooth bottom shown on the longitudinal section. 
_ The regime values for velocity suggested that the river had a tendency 
silt up even in flood ; but those values were derived from V = 10-8¥/ R28 
or V3/R2 = 1,250.8, which was a dimensional expression made equal to 
a non-dimensional one, so that considerable error would arise beyond 
certain restricted limits: that was why Dr. Engel * had failed to obtain 
hydraulic similarity for velocities in Kramer’s experimental channel by 


the use of R28. In that channel H = 2-5 to 3, and H. log nV gave 


values for i It was useful to note that 4 represented, approxi- 
mately, unit drag per unit area per unit time, in lb. per square foot of 
wetted surface-area per second. Multiplied by the cube of the velocity 
"in feet per second, it gave the actual drag, in Ib. per square foot per 
second. | é 

The Author, in reply, observed that the computations that Mr. Essex 
‘had made were very interesting. The Author had made numerous 


+ Journal Inst. C.E., vol. 14 (1939-40), p. 227 (April, 1940). ae 
§ Page numbers so marked refer to the Paper (Footnote (‘) above).—Sxo, Inst. 


: Discussion on “ Uniform Flow in Alluvial Rivers and Canals.” Minutes of 
3 roceedings Inst. C.E., vol 237 ( 1933-4, Part 1), p. 488. 
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attempts to compare the Yangtze velocities with formulas ever since” 
first measurements were made at Wuhu in 1916, but had obtained no 
conclusive result. Further similar studies had been made by Colonel 
Stroebe and also by Mr. Hsii Kai, former Engineer-in-Chief to the H 
River Conservancy Commission. Exponential formulas were certainly 
applicable, and the Kutter coefficient was about 0-025, but the difficulty 
of measuring the slope exactly had always made it impossible to arrive at 
satisfactory conclusions. The Lacey regime condition applied in a general: 
sense, but whether it should be related to average high stage, mean stage, 
or perhaps even to maximum stage, would depend on the time required to 
establish bed-regime. Mr. Essex’s conclusion, that the river had a pees | 
to silt up even in flood, might be true to a small extent, but it was difficult 
to know how to distinguish foreshore- and embayment-silting from bed- 
silting, and at the present time the Author regarded that as an open 
question. Lacey’s theory was not necessarily supposed to apply to cohesive 
materials, and the Yangtze bed-material was cohesive throughout the 
alluvial plain. 


CORRESPONDENCE . 
ON PAPERS PUBLISHED IN 
JUNE 1940 JOURNAL. 


Road Paper No. 2. 
The Engineer's Part in the Promotion of Road Safety.” ¢ 


By Frank Atan RayFiexp, Assoc. M. Inst. C.E. 


Correspondence. 


Professor R. G. C. Batson pointed out that Memorandum No. 4§ 
(Roads) of the Ministry of Transport on the layout and construction. 
roads, published in 1937, stated that “ In so far as existing road conditio: 
are a contributory factor in the causation of accidents, their improvemen 
demand a close study of the incidence of accidents. It is therefo: 
recommended that map records of accidents should be prepared and 
maintained by the Highway Authority in co-operation with the Police.” 
It was further recommended that maps should be examined and analysed, 
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1,000 20-0 19-3 7-66 19°15 85 0-054 0-018 0-0193 
45,000 1-22 3,000 15-0 14:8 7-20 18-0 80 0-016 0-028 0-0196 
4,000 1:63 900 4-45 4-4 6 
80 13-6 60 0-17 0-022 0-0213 
10,000 0-65 1,900 5:3 5-23 6-47 12-94 57 0-025 0-030 0-0197 
34,000 1-80 1,900 17-8 17-6 7-44 
, . 18-6 82 0-028 0-025 0-0197 
48,000 1-26 3,500 13-8 13-6 717 17-92 79 0-020 0-027 00197 
10,000 0-52 1,400 7-15 71 6-50 5 
: : : 13-0 57-5 0-012 0-040 0-0242 
8,000 0-65 900 8-88 8-72 6-69 13-38 59 0-014 0-039 0:0242 
pe 1-60 2,500 16.1 15:8 7-34 18-35 81 0-025 0-025 0-0190 
; 1-29 5,000 10-0 9-95 7-05 17:62 78 0-027 0-023 0:0190 
14009 0-48 900 11-2 10-85 6-66 13-32 59 0-006 0-047 0-0252 
i 0-48 1,500 6-67 6-6 6-44 12-88 57 0-011 0-036 0-0240 
akan 1-61 3,500 12-0 11-9 7-22 18-05 80 0-034 0-022 0:0190 
1:13 4,000 15-0 14:9 717 17:92 19:5 0-014 0:030 0:0197 
21,000 0-37 1,600 13-2 13-0 6-62 13-24 58-5 0-003 0-060 00264 
15,500 0-50 2,000 115 7-68 6-52 13-04 57-5 0-010 0-040 0:0245 
32,000 1:92 1,400 22-8 222 | 757 18-92 83-5 0-024 0-027 00203 
53,000 1:16 4,800 11-05 11-0 7-04 17-60 78 0-020 0:025 0-0161 
20,000 0-36 1,200 16-7 16-5 6-71 13-42 60 0-0022 0-063 0-0266 
23,000 0-315 1,700 13°5 13-3 6-56 13-12 58 0-0022 0-060 0-0266 


* Gerald Lacey, ‘“‘ Uniform Flow in Alluvial Rivers and Canals.” Minutes of Proceedings Inst. C.E., vol. 237 (1933-4, Part 1), p. 428. 
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a On page 6 of the Report of the Road Research Board for the period 
ended the 3lst March, 1935, a programme of research was outlined. It 


\ 


was stated that ‘“‘ the problems to be faced in road research can be grouped 
mnder three headings :— 


4, *“*(~) Economy in road making and maintenance. 
= (8) Reduction of accident ratios. 
: (4) Solution of urgent practical problems. 


“The research programme proper must be based on («) and (f) ”’, and 
page 22 of the Report it was stated “The Ministry of Transport are 
making some investigation into the occurrence and causes of accidents.” 
'Inview of those definite statements, it was rather surprising that so 
“little had been published on the subject by official sources, and that the 
Author had found as the principal conclusion of his investigation that 
“there is obviously wide scope for further investigation into the causes 
of accidents, and for detailed analysis of existing statistics.” 

ce The Author asked why Great Britain had not followed the example 
of Germany, Holland, Belgium, and France in the construction of motor- 
roads. It had been suggested that the real answer to that question was 
“that an improvement in the road system of Great Britain would cause a 
decrease in railway traffic. If the scheme prepared by the Lancashire 
“County Council in 1937 had not been held up by the Ministry of 
‘Transport, at least one example of a motor-road would have existed in 
Great Britain at the present time. The Author outlined suggested 
disadvantages in the provision of motor-roads advanced by their opponents, 
d at the same time suggested a suitable reply. 

_ In an Address before the North-Western Local Association of The 
Institution in October 1935, Mr. G. E. Ashforth, M. Inst. C.E., stated that 
“there is good reason in a line of policy directed towards the reduction 
of motor traffic on our public highways by the provision of special motor- 
ays intended solely for use by motors.” 

Ina Paper published in 1937 *, Professor Batson gave a reason for the 
construction of motor-roads not included in the four suggested by the 
Author. In the words of that Paper, 


| 


“ Transport is as vital in war as in peace and an adequate road system is 
essential for defence. The destruction of a main railway line would be a serious 
handicap to the mobilisation and distribution of troops and materials, but the 

~ damage of a main road, although unfortunate, would not be vital in itself. The 
provision of a system of motor roads can therefore be considered as an essential 
part of any rearmament scheme. In my opinion, a system of such highways is 
bound to be provided sooner or later and the longer it is delayed the greater will 
be the cost.”’ 


fone 


4 gc Some Problems in Connexion with Modern Roads.” Chemistry and Industry, :. 
vol, 56 (1937), p. 1065. 
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familiar with the methods and design of the best types of highways, 1 
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It was an interesting fact that most of the large schemes of new roa 
construction had been carried out in Great Britain because of military 
requirements. Examples were the Roman roads in the years A.D. 100-400. 
the Cambridge—Isle of Ely road in 1071, General Wade’s roads in Scotland 
in 1726-1737, and the Newcastle—Carlisle road in 1751. 

Mr. Fred Lavis remarked that the question of “ building safety int 
highways ” had received a great deal of attention in the United States and 
there, as everywhere, a considerable difference of opinion existed as 
whether accidents were due to the condition of the road or to faults of the 
drivers. 
Mr. Lavis maintained that, except in a very few special cases, the fault 
in highway accidents was almost entirely that of the driver, and in many— 
perhaps most—cases was due to temporary aberration, excessive speed, . 
defects in the vehicle itself. 7 

It was acknowledged that practically every kind of motor-vehicle could 
be driven with safety over almost any kind of road, in fact over much 
territory where no roads worthy of the name existed. It was largely a 
matter of the rate of motion at which the vehicle was driven, skill in driving, 
and the condition of the vehicle. 

General economic conditions, however, demanded that, in developed 
countries, roads should be provided over which motor-vehicles could move 
at reasonable speeds without incurring undue risks either to themselves or 
to other users of the road, and that meant the provision of smooth, safe and 
sufficiently wide roads with fair alignment and gradients. 

Inasmuch as engineers knew how to build first-class roads and we; 


Ke 


followed that the problem was one to be solved by judgment rather than 
by engineering formulas, and such judgment involved consideration 0: 
financial and economic conditions, and a balance between the reasonable 
needs of the drivers or owners of motor-vehicles to move freely and ever 
rapidly and the costs to the general public of providing such facilities. 

In the United States it had been determined that for ordinary traffic o1 
main-line highways a two-lane roadway was required, not less than 20 feet 
wide, fairly smooth, and of substantial construction, with proper shoulders 
and reasonably long sight-distances. There were, of course, also the three 
lane and four-lane highways and the so-called super-highways, freeways, 
and parkways, on many of which crossings of other highways at road 
level had been eliminated. Four-lane highways were now divided by 
median strip. Details of such constructions were well known, so that it 
was a question not of lack of knowledge of engineering design, but of 
expediency and the necessary expenditure. 

Perhaps one of the most valuable aids to safety in the use of the high. 
ways was the plentiful provision of easily read signs indicating approach 
to changing conditions, curves to the left or right, changes of surface, steey 
gradients, crossings of other roads, approaches to built-up sections, ete. 
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_ There was some danger in attempting to draw conclusions or inferences 
as to highway accidents from such statistics as those presented by the 
Author in Table I, p. 269§. In the United States there were densely- 
populated areas in the east, less densely-populated areas in the south 
and middle west, and large areas of comparatively small population and 
heavily accidented terrain in the west. To collect statistics for those 
Tegions all together and to compare the whole with Great Britain, Belgium 
or other countries hardly appeared to permit useful inferences or to have 
much bearing on the question being considered. Even the comparison of 
accident-occurrences in the United States with those of Canada was of little 
‘value, as conditions in the two countries were very dissimilar. 
- Perhaps a partial answer to the Author’s question (6), p. 269 §, might 
be that on roads used by light traffic, higher speeds were attained and 
maintained than in sections where heavy traffic prevailed. 
_ There could be no valid difference of opinion with the Author as to 
the “ heavy responsibility which rests not only upon all road users, but 
also upon designers of vehicles and roads, to use every means in their power 
to reduce this heavy toll of life, injury and financial loss ” due to highway 
accidents. 
_ The engineers of the United States charged with highway design, 
construction, and maintenance, as well as civil road-authorities, took their 
‘ uties in that respect very seriously, and were continually alert not only 
to “ build safety into highways” but also to maintain the highways in a 
safe condition, and especially to provide warning-signs of changing con- 
itions or places where caution was necessary. 
Mr. Lavis was convinced, however, that the education of the driving 
blic in safe and careful driving, the strict enforcement of traffic rules and 
ulations, and the elimination of incompetent drivers were the most 
nportant factors in highway accident prevention. That matter had been 
scussed at length and in considerable detail in a Paper * presented by 
r. Lavis at the annual meeting of the Highway Research Board at 
‘ashington, D.C., in 1937. 
_ Professor F. G. Royal-Dawson remarked that, whilst the Paper 
ontained much valuable information, he agreed with the Author that 
there was wide scope for further investigation into the causes of accidents. 
Every situation had its own problem. A whole-time body of specialists, 
devoted to a study of the fundamental principles of road safety in all its 
aspects, and the application of those principles to given situations, was 
seeded. The present statistical classification of accidents into supposed 
uses was unscientific. Many assigned causes might be only contributory 
tors, or might be entirely irrelevant. It required a specially-trained 


a 


- § Ibid. oe 
7 3 “ Safety and Speeds as affecting Highway Design,” Proceedings of the Seventeenth 
Annual Meeting, Highway Research Board (parts I and II, 1937), Washington, D.C. _ 
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mind to search for, or to select, relevant factors, and to interpret t. I 
intelligently. | 

In the case of railways, the Ministry of Transport had its own staff c 
inspectors who were technical experts, and whose most important dut 
was to investigate the causes of railway accidents. Their findings wer 
therefore authoritative. On Indian railways, the responsibilities c 
Government inspectors were even wider. They had the power to impos 
speed-restrictions where necessary, and to veto proposals that appeared t 
conflict with principles of public safety. 

On railways, the causes of accidents were of certain well-defined type 
For instance, the factor of steering was entirely eliminated, and the drive 
was not even answerable for running over points which might have bee 
wrongly set, his responsibilities being confined to the observance of spec 
restrictions and obedience to signals. On the other hand, on roads, a v 
number of heterogeneous factors had to be taken into account. Th 
was thus all the more necessity for a body of specialists capable not onl 
of diagnosing with scientific certainty the cause of an accident, but alse 
detecting situations which were potentially dangerous. Such speci 
should have not only observant eyes and an insight into the psychology 
all classes of road users, but also a thorough scientific and practic: 
knowledge of dynamics in relation to the movements of vehicles, and 
reactions of such movements to road surfaces, especially on curves, for: 
had to be borne in mind that the track described by a vehicle prior to a 
accident was automatically determined by dynamic conditions, whic 
could be reconstructed by inference from the detailed evidence of the trac 


neither time nor opportunity for dynamic experiments. Such experiment 
should be carried out under the egis of, say, the Road Research Depar 
ment, or a similar organization. Whilst useful dynamic experience coul 
thus be obtained, the best ultimate field of research for road psycholog 
and dynamics combined would be the roads themselves, under all conditior 
of traffic and on all classes of road. Thus a type of specialist would | 
evolved, who would form the nucleus of a body to be attached to 
Ministry of Transport as advisers on all questions affecting public saf 
in road-transport. They should have nothing to do with the finane 
aspect of road administration. All projects and proposed reconstructiot 
however, should have their approval, or should conform with standar 
authorized by them in the interests of public safety, before constructic 
was sanctioned. They should also have the right to attend inquiries | 
road accidents and to give their opinions when deemed necessary, ar 
should from time to time make inspections of road conditions on behali 
all road-users. At present, there was no responsible authority to whom t 
general public could turn for an expert opinion in such matters. Once # 
need for such an authoritative body was recognized, no doubt suitab 
personnel could be found. 
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Mr. A. J. H. Clayton, in replying for the Author, observed that a 
contribution to the discussion from the United States was very welcome, 
especially in view of the considerable reduction in the accident-rate which 
had been achieved in that country during the past few years. It was 
difficult, however, to agree entirely with the second paragraph of Mr. Lavis’s 
observations which, taken by itself, placed the blame almost entirely upon 
the driver. Mr. Clayton preferred to say that the fault of the driver lay 
in doing the wrong thing in view of the existing conditions; but the 
mgineer was largely responsible for those conditions, and he could improve 
jem if the necessary money were provided. That was illustrated by the 
Substantial reduction in the accident-rate which had been achieved when 
uitable engineering works had been carried out. It was true that some 
ecidents would still occur on the perfect road ; but even if drivers were 
leal, they could not always avoid accidents on badly-designed roads, nor 
‘their vehicles failed them. Therefore, the road engineer, together with 
those who were responsible for the financial policy, must surely share the 
‘blame with the driver. 

_ Engineers knew how to build first-class roads, and so far as new roads 
nd major improvements were concerned the matter was largely one of 
idgment and finance. There was, however, still a great deal to be learnt 
garding the smaller and comparatively inexpensive improvements which 
he engineer could make with very beneficial results. 

- It would undoubtedly be interesting to compare the accident-rates of 
ifferent parts of the United States with those of European countries, as 
geregates for widely different areas were misleading. If the accident- 
tes in the various parts of the United Kingdom were examined, it would 
found that although there was considerable variation (due, no doubt 
ely to chance), there was a definite tendency for the rate of accidents 
olving personal injury to be lower in the thinly-populated areas than in 
towns, particularly the larger towns. In 1936 the rate was 403 acci- 
ts per hundred thousand population for England and Wales, excluding 
ater London, but was 603 for the Greater London area and 471 for the 
+ three largest cities. 

The Author would no doubt agree with the suggestions put forward 
arding the necessity for proper scientific study of the accident problem. 

The fact that so few accidents were due to failures of the vehicles 
mselves was probably due in no small degree to the careful investigation 
de by the Ministry of Transport engineers in conjunction with the 
nufacturers, when any such accidents did occur. The investigation of 
her accidents was a more complicated matter, and was, no doubt, one 
which should be entrusted to engineers who were able to specialize in the 


tudy of the problem. 
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“Remodelling of the Assiut Barrage, Egypt.” { 
By Joun Epwarp Bostock, O.B.E., M. Inst. C.E. 
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Correspondence. 


Sir Bernard Darley remarked that it would be interesting if th 
Author would supplement his very interesting and instructive Paper wit 
an explanation of how the length of the impermeable floor, the depth ¢ 
the new sheet-piling, and the height of the baffle and deflecting 
downstream were determined when preparing the design. So far ¢ 
could be ascertained from the Paper, the new floor with the addition: 
piling had been designed to give a hydraulic gradient of 1 in 20, based 0 
the old “ creep ” theory. In northern India, after several works had failec 
exact measurements were made of pressures under existing weirs. Thos 
and also model-experiments, made it evident that that old theory woul 
have to be discarded, and that new methods of design would have to t 
adopted. The results obtained from those measurements and experimen’ 
had been fully recorded, and a new theory for the design of such works ha 
been proposed*. 

The design of the Assiut barrage as now remodelled appeared to | 
very safe, if perhaps somewhat extravagant. Sir Bernard Darley wo 
like to ask the Author whether any reason existed for such a thick upstrea: 
floor where the upward pressure was counterbalanced by the weight 
the water above. Normally, half the thickness shown in the diagram wot 
have been sufficient. 4 

Mr. I. W. G. Freeman wished to elaborate some of the remarks ma 
by the Author, with more particular reference to details of constructia 
Undoubtedly matters of prime importance in the construction of wo 
of the nature described were an effective cofferdam and equally effecti 
drainage. On those preliminary works depended the success or failure 
any programme of construction, and they were so much dependent one ¢ 
the other, that they could well be treated together. Practical conside 
tions had shown that, howevermuch might bedone in calculating theoretic 
hydraulic gradients and in estimating velocities of flow of water throu 
sand, such information, although providing a necessary guide, was us 
without proper regard to site conditions and natural phenomena. St 
failures at the initial construction of the Assiut barrage and at the Na 

Hamadi barrage had made that abundantly clear, and had, incident 


t Journal Inst. C.E., vol. 14 (1939-40), p. 301 (June 1940). ; 
AS N. Khosla, N. K. Bose and E. M. Taylor, “‘ Design of Weirs on Perm 
Foundations.” Publication No, 12, Central Board of Irrigation, India. Simla, 1 
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shown the advisability of taking every precaution in sudd construction 
by allowing for any preconceived eventuality and by regarding the 
additional cost as having been well spent as an assurance for the work as a 
whole. The tremendous sudd work for the remodelling of the Assiut 
barrage had been primarily justified by its vital importance, as referred 
to by the Author, but practical considerations showed that its proportions 
re not, in general, excessive, and although there were sections of sudd 
ghich it seemed could safely have been reduced in size, there were also 
stions where it was considered advisable to increase the deposit of sand 
itside the piling to ensure safety. 

_ Wide variations in conditions along the sudd were very well illustrated 
the Author in the results of experiments made, which determined the 
vels of saturation in the banks. However, beyond indicating those 
fariations, Mr. Freeman did not think that the results of experiments 
ven had any reliable bearing on the natural gradient of flow through sand, 
r the angle of saturation was determined mainly by drainage, and might 
. as steep in coarse material as in materials having a high degree of 
permeability. A sudd formed of coarse material might reasonably 
, safer than one made with very fine material having a greater resistance 
_water-flow, for excessively fine material was more easily carried in 
suspension, and, after saturation, the least flow or pressure reduced it 
to an unstable condition liable to slump. The fine sand and silt upstream 
f the barrage which resisted water-flow was for the same reason difficult 
‘drain, had a high degree of capillary attraction, readily transmitted 
essures, and had little resistance to the formation of springs or to their 
ovement towards their source, with consequent danger to the sudd. 
For that reason he believed that the inner row of piling was justified far 
lore as a protection to the toe of the sudd than as a means of lowering 
e line of saturation. In point of fact, the inner piling actually raised 
e line of saturation in the sudd, and he believed that an improvement 
uld have been effected had it been driven purely as a protective toe 
less efficiently as a cut-off. The raising of the saturation-level in 
sudd-bank, whilst probably reducing the velocity of flow, as the Author 
remarked, at the same time increased the pressure of water being relieved 
e the piling and over the working area, and also resulted in ‘“ backed- 
’ water escaping around the ends of the piling where they met the 
nanent work. It also decreased the general stability of the sudd, and 
ted conditions between the two rows of piling which had to be met by 
ditional sand filling to prevent the formation of an unprotected toe at 
turation-level, or by reducing the cut-off efficiency of the inner piling 
by making holes for drainage. 

~ Tt was of interest to note that, in spite of the very much greater head. _ 
n the sudds used for the Assiut barrage remodelling, the quantity of 
ainage water pumped per hour was almost the same as at the Nag- 
famadi barrage. From records in Mr, Freeman’s possession, pumping 


t 
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on the upstream side of the barrage was only 5 per cent. more than on tk 
downstream side, in spite of the great difference in heads, and that mig! 
be accounted for by coarser materials, including the presence of rubbl) 
providing a freer flow through the sudd on the downstream side. At th 
completion of the season’s work, and with the inside water at the aprox 
level of 43-25 metres, the pumping was reduced to 40 per cent. of th 
maximum volume pumped at foundation-level, and the pumping em 
downstream side then exceeded that on the upstream by 30 per cen 
The method of preparing sumps inside the sudded area before de-waterin; 
as described by the Author, proved very successful, and, although initiall 
expensive, undoubtedly made efficient working inside the sudd possible 
week earlier than would have been the case had sumps to be construct 
after de-watering. . 
Two points in connexion with the design of the work had great 
impressed Mr. Freeman during construction. The first was the unquestio! 
able improvement effected by the increased use of pre-cast units, blockwe 
in the downstream toe and reinforced-concrete sheet-piling in the cut- 
replacing the type of construction used in the Nag-Hamadi barrag 
where concrete had been deposited in water between rows of steel shee 
piling. Concreting in narrow trenches excavated below the gener 
foundation-level was generally most unsatisfactory, and the difficult 
of dealing with the water were practically insurmountable. If it vy 
allowed to rise in the trench, the water would invariably reach a hei 
above the level of the drained area outside the piling, and would dischar 
over the tops of the piling. Pumping in those trenches naturally increas 
the volume of water finding its way up through the bottom of the trene 
and induced the formation of springs, which would wash the cement 0 
of the concrete. The formation of sumps and under-drainage in the tre1 
was made difficult and almost impractical by the quantity of sand whi 
rose quickly from the foundation. Apart from the very desirable qua: 
of flexibility imparted by pre-cast work, it ensured the use of good mater 
and, as the Author pointed out, it involved far less work in the rive 
bottom. It would seem, therefore, that the extension of that princi 
to the upstream toe would have had much to commend it. a 
The second point was the use of hand-packed dry rubble underlyi 
the blockwork aprons. It occurred to Mr. Freeman that a corresponding 
thick layer of gravel would be preferable, and its substitution for lir 
stone rubble would undoubtedly effect a substantial economy on th 
item. The placing of rubble on which to lay blocks true to line and le 
was skilled masons’ work, and such care had to be taken to provid 
satisfactory surface to receive the blocks, that, with the large faces of 
stones upwards, it was difficult to ensure the proper filling of the voi 
However much care might be taken in hand-packing comparatively lai 
and rough rubble, it was practically impossible to obtain a perfectly le 
surface which would give an even bearing for the superimposed blo 
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Furthermore, during the time elapsing between the placing of the rubble 
and the laying of the blocks set on it, some settlement might take place 
due to the flow of the water over the area, and damage to the pitching 
might be done by traffic, the result being that packing under the blocks, 
although avoided as far as possible, became to some degree necessary. 
Gravel was plentiful and obtainable cheaply in most places in Egypt, and 
it was easily handled and could be laid and screeded to correct levels by 
unskilled labour. It was well graded and hada small percentage of voids ; 
4 would consequently be less inclined to settlement, and would form a 
very much better filter than rubble. Gravel, being of flint, resisted erosion 
much better than limestone. It was of interest to note that, in spite of the 
tremendous erosive action which had taken place on the downstream side 
of the barrage, gravel which had been deposited at the initial construction 
of the barrage was still present, and, as mentioned by the Author, formed 
an excellent foundation for the new work. Quantities of limestone 
rubble, tipped for protection of the barrage during recent years, were 
found to have suffered considerably from erosion, most of it being rounded 
and small, whilst there was evidence that much had been completely 
destroyed. 
_ Mr. H. F. Wilmot observed that the key to the success achieved in 
the work lay mainly in two factors; namely (1) the design of the sudds 
(“sudd” or “sadd” was the Arabic word for a barrier or obstruction), 
and (2) the new process of cementation with bituminous emulsion. Once 
the danger of percolation of water under the floor, or excessive uplift in the 
enclosed areas, was provided against, the work of reconstruction could be 
proceeded with as rapidly as organization permitted. 
"Since the barrage was commenced, the technique in grouting had been 
revolutionized, so far as cement was concerned, by using the cement mixed 
with sand (optional) and water to form a colloidal mixture. The effect of 
iat was to enable the grout to penetrate as a liquid, and, therefore, 
grouting of sand in situ, impossible with neat cement mixed with water, 
became practicable. It was quite possible that that process might have 
been used equally successfully instead of the bitumen emulsion for the 
ct t-offs. In the employment of steel sheet-piling, which could be driven 
ery rapidly into the bed of the Nile, the modern engineer had a method of 
assisting construction that made him forget the enormous simplification it 
ad effected on problems which the engineer of a previous generation had 
o easy or short way of overcoming. 
With regard to the design of the new work, it had already been stated 
4 the old barrage regularly held up a head of water greater than the 
metres for which it was originally designed. It should be emphasized 
the strengthened structure could now hold up 4 metres of flood-waters. 
omparisons between the new and the old work could be somewhat mis- 
ading unless that was kept in mind. zo 
It was mentioned that it was decided not to build a completely new 
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barrage, and it was inferred that the reconstruction of the old barrage 
a more venturesome project. Actually, a change in site would hi 
deprived the contractors of the benefit of being able to regulate on t) 
existing gates in low water, whilst a site immediately downstream was n 
practicable owing to the existence of a large scoured depression. A gor 
pletely new site involved finding a straight reach in the river of suitabl 
length and suitable location for the take-off of the head-canals. -+ 
It seemed a pity that the impermeable clay underneath the vubb 
apron upstream had had to be removed when it was found to be in sua 
excellent condition, but that was presumably essential in order to achiev 
the required thickness of floor. The gravel foundation underneath 
downstream portion of the floor, although excellent as a base for conereti 
was surely an undesirable element in so far as it tended to encourag 
“creep ’’ or percolation under the floor; doubtless the efficient ee 


of the whole floor after its completion would reduce that tendency. Pr 
sumably the removal of the gravel involved extra work, which, it 
considered, was not worth while. 

The conditions commented on above were undoubtedly the chi 
reasons that infiltration during construction was greater downstream the 
upstream. An additional reason was that, under normal working co. 
ditions for the barrage, there was no uplift upstream, and, therefore, tl 


under the floor upstream. Confirmation of that was surely to be found 
the smaller amount of grout required under the floor upstream. 
The use of monolithic concrete to form the solid apron or floor bot 


masonry was more accommodating in its behaviour ; any stresses which di 
develop in it tended to cause big well-defined cracks, whereas the rubb 
would distribute and relieve its internal stresses more uniformly, whilst, 
necessary, local settlement could take place more easily, without suc 
serious consequences. Doubtless efficient piling and grouting had reduce 
the danger of unequal settlement to the minimum, but cavitation w 
always a possible danger in the course of years. 

In design, the thickness of floor upstream could normally be muc 
less than that downstream from the aspect of uplift, since the uplift und 
the upstream floor was nil under working conditions, and its thickness wa 
therefore, controlled only by constructional considerations such as that | 
unwatering. It was, therefore, much cheaper to extend the floor upstrea 
rather than downstream to obtain the necessary length required to prevel 
dangerous seepage; that advantage was, however, in the past alway 
offset by the advisability of having plenty of protection against se 
downstream. With the increasing faith in the efficacy of the “ kick-w 
wall at the extremity of the floor against that danger, the tendency 
future design should be to reduce the length of the downstream apre 
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That would give corresponding reduction in floor-thickness, and would 
reduce the depth of what often proved to be very troublesome excavation. 
_ The piling, to be fully effective in developing its efficiency against 
“creep”? or percolation, when placed in parallel rows, should be apart at 
least a distance equal, say, to twice the total depth of the rows of piling 
below the foundation. Closer spacing tended to encourage the diminution 
of the seepage length by “ shorting ” across the extremities of the piling ; 
for economy, therefore, if the piles were placed closer than desirable, one 
or other of the set should be reduced in length. The Punjab Irrigation 
Research Institute had carried out some interesting experiments on that 
ibject, and had published the results some years ago *. 
Mr. Rotinoff had skilfully solved the problem of forming a continuous 
nd effective concrete sheet-piling, and of avoiding the alternative, 
ne difficulty of forming a deep concrete cut-off to the apron ; he was 
rtunate, however, in having had a lengthy period in which to develop 
nd acquire an invaluable technique of how to carry out the driving most | 
eAiciently. The contribution of that piling to the life of the structure was 
immense value, although it was rash to state what its life would be com- 
ared with that of steel piling, as there were so many intangible factors. 
- What were assumed to be the worst conditions of stability for the 
tern lock wall to enable the extension of width to be opportunely 
onfined to the limit of the old sheet-piling ? The connecting bars were 
resumably bent to facilitate ease of drilling and grouting the halves placed 
» the existing structure, and then of building the remainder into the new 
jasonry, although clearly they were ideally best horizontal. 
- With regard to the paint-work for the steel, it was extraordinary that 
he protective qualities of tar were not more fully appreciated by engineers ; 
he Admiralty were not afraid to use it, and Mr. Wilmot wondered if a 
plex existed against it owing to its relative cheapness ! Its limitations 
re due only to its tacky nature. 
fhe Author, in further reply to the Discussion and in reply to the 
lorrespondence, pointed out that the length of the impermeable floor was 
letermined on a head of 4:20 metres at Sharaki period and a hydraulic 
dient of 1 in 20; no account was taken of the old cast-iron piles, as their 
ciency as a cut-off was doubtful. The depth of the new reinforced- 
crete piling was made similar to the depth of the cut-off at the Nag- 
madi barrage. The heights of the baffle and deflecting weirs were 
ermined from model-experiments carried out at the Delta Barrage 
draulic Research Station. The creep theory for works of the description 
der discussion was adopted in Egypt, where it had proved satisfactory, 
nd had not resulted in any failures. 


i E.M. Taylor and H. L. Uppal, «A Study of the Flow of Water under Works on Z 
and Foundations by Means of Models.” Punjab Irrigation Research Institute, 
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The remarks of Mr. Freeman were of interest as coming from a senio: 
member of the contractors’ staff. ' 
The Author had referred in the discussion to the wide differences founa 
in the hydraulic gradients inside the sudds. He considered that the chie: 
value of the experiments was that they demonstrated the variations the 
had to be allowed for if safety were to be ensured. Both Mr. Norrie anc 
Mr. Freeman mentioned that more water had had to be pumped from tha 
downstream side of the sudds than from the upstream side at the end 02 
each season. The Author considered that that was due to the | i 
quantity of water which was seen to rise through that portion of t 
flexible apron on the downstream side which had been constructed durit 
the previous season, and which was exposed to view inside the sudd 
area. That area was not blanketed with sand, as was the case on tha 
upstream side, which was heavily loaded with the sand of the sudd, thus 
producing a stanching effect. Further, the area of the newly construc 
flexible apron, through which the spring water rose freely on the downstream 
side, was nearly twice that of the upstream apron. . 
The Author considered that a well-constructed hand-packed rub 
foundation under the flexible blockwork apron was preferable to gravel. 
That rubble at Assiut, in both the upstream and downstream aprons, 
confined between the toes and the impermeable floors, so that the proba- 
bilities of its becoming disturbed or rounded by the erosive action of wate1 
were very remote indeed. 
In practice it had been found that, if the rubble bed were packed in 
proper manner, there was no settlement, and there was no difficulty in 
preparing a level bed on which to set the blocks. Moreover, at Assiut 1 
was possible to make use of the old rubble, which was a considerable saving 
in cost to the contractors. Gravel, on the other hand, would be very liabk 
to disturbance by traffic during construction, and the bed for each block 
as it was set would have to be screeded, thus increasing labour-cos 5 
there would also be the risk of the smaller particles of gravel being washe 
out by spring water during construction, which would induce settlement. 
The Author regretted that present circumstances would probabl 
render it impossible to obtain information from Egypt to enable him t 
reply to some of the points raised during the Discussion. 
He was unable to agree to some of the comments of Mr. Wilmot, ant 
would refer him to p. 318 § for the relative amounts of cement used in gro l 
below the upstream and downstream floors. 


§ Ibid. 
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“Highway Transition-Curves: A New Basis for Design.” t 
EB By Hucu Aran Warren, M.Sc. (Eng.), Assoc. M. Inst. CE. 


Correspondence. 


= Mr. R. K. Lewis observed that, from a practical point of view, the 
ngineer required an effective, clear, and simple formula which would 
nable a ¢ransition-curve to be designed or checked in the field, without 
“reference to a book of tables. 
Professor Royal-Dawson’s * designs were based on what he called a 
“unit chord ” which subtended an angle of 16 minutes at the pole ; that 
‘standard made it difficult to follow and impossible to check his calculations 
without Tables. 

The main point of difference between the two theories was the value 
hat should be applied to C, the rate of change of radial (centrifugal) 
acceleration. Professor Royal-Dawson maintained that C was of the 
: utmost importance, and should not exceed 1 foot per second per second in 
a second. Mr. Warren, on the other hand, maintained that the value 
applied to C was of minor importance and might be of any value between 
0 and 15 feet per second per second per second. 

-_‘Mr. Warren, in his experiments {, had proved beyond doubt that C 


xe 


varied between wide limits, and that it was of greater importance to 
es v2 
“keep the value of Ry 


, (the amount of banking) to a minimum. 

~ Professor Royal-Dawson, on the other hand, had no practical evidence 
for assuming that C=1. He had borrowed the value from Mr. W. H. 
"Shortt, M. Inst. C.E. || and applied it to roads, but Mr. Shortt had intended 
"that value for railways; there was a considerable difference between the 
two. In practice, C was evaluated by recording the track of a car running 
at a definite velocity and establishing the length of the major axis @ of 


3 
“the lemniscate. Then =. It followed that the velocity would have 


to be recorded, but in the Toronto experiments referred to by Professor 
Royal-Dawson*, the velocities had not been recorded and, so far as C 


Journal Inst. C.E., vol. 14 (1939-40), p. 373 (June 1940). 
* “Road Curves.” Spon, London, 1936. 
{ H.A. Warren and E. R. Hazeldine, “ Experimental Transition Curves.” Journal 
Inst. Mun. & Cy. E., vol. lxv (1938-39), p. 1021 (March 28, 1939). . eo 
|| “A Practical Method for the Improvement of Existing Railway-Curves.” 
Minutes of Proceedings Inst. C.E., vol. elxxvi (1908-9, Part II), p. 97. 
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was concerned, the results were valueless. Again, the experiments under 
Professor Moyer, which were referred to by Professor Royal-Dawson {, had 
been carried out for the purpose of finding the maximum superelevatior 
for skidding on circular arcs, and had no application to transition-curves.: 

Mr. P. L. Pratley congratulated the Author upon the form of the 
curve finally recommended. He agreed essentially with the statement 
of the Author that the basis of design should tend to be some limiting: 
value for the vertical acceleration of the vehicle, and was fully sympathetic« 
with the Author’s feeling that the rate of increase of radial acceleration’ 
had very little practical effect. The value given by the Author to C, 
which was assumed to vary with the square of the velocity, while it actually | 
expressed the third differential of space with respect to time, did not seem ' 
particularly logical, and some study had been given to the problem, using 
various examples, the result of which was an increased conviction ve | 
that feature could readily be eliminated as a criterion. The nature of 
the Author’s curve and its derivatives was very intriguing, and the 
application of that curve should result in a very comfortable and satisfyin 
transition. There were, however, one or two features to which M 
Pratley would like to refer. 


: . PH : 
The expression for the vertical acceleration qe? after having made 
we . 1 dy : 
the perfectly legitimate assumptions of s = 2, and - = gov Ws written 
Pin, (1G 


2H m.w.v4.k(L — 22) 
Wut ee ee 1 re se 


Two integrations of that equation yielded the curve for superelevation 
m.w.v?.k.x?(3L — Qa) 


69 
m.w.v2 : 
and the final value, at « = L, was Re Using equation (4) (p. 376 §) 


at the outside edge of the roadway, namely, H = 


for the value of k in the two examples given by the Author, that maximum 
superelevation, or the superelevation of the circular curve, became 2:90 feet 
and 2-68 feet, assuming in both cases a 30-foot roadway and the quoted 
value for m (namely, 0-4), A third example would be quoted which 
corresponded with the local practice in Montreal, where v was taken as 
40 miles per hour, R as 500 feet, w (the width of the roadway) as 24 feet, 
p as one-quarter of gravity (or 8 feet per second per second), and m as 4. 
The superelevation for that third case worked out at 2-06 feet for the 
circular arc, The length of transition curve was 81:8 feet, and the time 


{ F. G. Royal-Dawson, ‘‘ Common Fallacies regarding Road Curvature.” Journa 
Inst. Mun, & Cy. E., vol. Ixv (1938-39), p. 837 (January 31, 1939). 


ae numbers so marked refer to the Paper. Footnote (t), p. os 
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of transition was about 1-39 second, using only the first criterion, namely, 
_ that stated in equation (5) (p. 378 §). 


_ The final angular acceleration reached during the transition was that 


a : : vw 
appropriate to the circular curve, namely, RP and the average rate of 


i ‘= ep 
~ acquiring that acceleration was ER? it was not acquired uniformly, 


_ however, as the Author pointed out, and the maximum rate of acquiring 
a : 3 
e the acceleration was 50 per cent. more than the mean rate, or OLR That 


" corresponded precisely with equation (6) (p. 378 §), and the application of 
that equation to the three examples wherein the length L had already 
been established by the criterion, showed that the value of C was reasonably 
~ constant and very close to 8 feet per second per second per second, 
It would seem reasonable that if C were to be adopted as a criterion, 
@ maximum value of about that figure should be set up instead of a value 
depending upon the square of the velocity ; but the introduction of a 
"second criterion based upon that conception of a value for C served no 
useful purpose, as the results in each example would be to reproduce a 
value for L approximately the same as that obtained from the use of the 
_ first criterion, which was the condition regarding vertical acceleration 
whereby p was limited to one-quarter of gravity. Therefore, although it 
would be convenient to establish C so as not to exceed 8 feet per second 
_ per second per second, the procedure would seem almost useless. It was, 


3u3 
however, of interest to note that with OC = 33, = i6h and that was, 


eats 
Mt 


i aya 7 
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ti 


Het 


eat 


a 
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en terore, the minimum length advisable from considerations of the second 
criterion. To make the two criteria equal, meant establishing a relation 


i, 


a 


Ses 


~ between speed and curvature which, if m were retained as equal to 0-4, 
- could be expressed as 0? = ae when v was the speed in miles per hour. 
on 


‘That relation was again almost useless, as none of those factors v, w, or R, 
~ could be chosen merely from those considerations, but it might be useful 
asa general relationship to be borne in mind when the choice of the radius 


Mr. Pratley thought, therefore, that the criterion expressed in 
- equation (5) (p. 378 §) was by itself ample for the purpose advocated, and 
that rates of turning the steering wheel were never sufficiently serious to 
become predominant or even to be introduced into the problem. The 
curve was easy to set out both horizontally and vertically, and its adoption 
‘should be a very real contribution to smooth riding and easy manipulation. 
It would appear that in setting-out by deflexion-angles, the ratio” 


§ Ibid. 
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tan6/tand, at = 0 was 1/4, and not 1/5 as given on p. 379 §, the 

: (5L — 22) 
expression being 10QL— 2) (QL— 2)" 
It was rather unfortunate, and somewhat confusing, that m and b 
should have been chosen to represent an arbitrary ratio and the width of 
roadway respectively, as in most systems of nomenclature they had other 
definite significations. 
Mr. L. R. Robertson observed that Mr. Warren’s mathematical | 
experiment in the evolution of an entirely new transition-curve was very ' 
interesting, but it was doubtful whether it would be of great practical | 
value. Mr. Warren seemed to attach considerable importance to the rigid | 
linking-up of the shape of the transition-curve with the shape of the : 
longitudinal profile showing the rate of application of the superelevation ; 
as, however, the actual superelevation was only an arbitrary fraction 
(usually 0-4) of the theoretically correct superelevation, it was difficult to. 
see the necessity for such a rigid linking-up. There was no practic s 
difficulty in the rounding-off of the superelevation at the ends and centr 
of the curve—it was a matter of a very few minutes with some French 
curves in the drawing office, and the most important consideration in that 
connexion was surely to obtain a pleasing curb-line. It was Mr. Robert- 
son’s experience that in an open sweep of road it was impossible to obtain 
that if the whole superelevation was applied in a distance of 130 feet, as in 
Mr. Warren’s example 1 (p. 381 §). Unless the change from the cambered 
or crossfall section to the final superelevated section of the road occupied 
several hundred feet, the curb-line might appear distinctly displeasing. 
Mr. Warren based a large part of his calculations on the vertical 
acceleration of a car travelling along the tilting road, but it was more usual 
to tilt a road about its centre-line than about one of its curbs, and, more 
over, a car at speed was usually nearer to the centre-line than to the 
curb, so that the vertical acceleration was small, and did not enter into the 
transition problem. 
The most controversial point in the Paper, however, was probably 
_ the value of C that he proposed, which governed the length of 
_ the transition-curve. Mr. Shortt’s experiments ¢ established that C = 1 
gave a comfortable rate of transition on railways; on roads, owing to 
the greater bumpiness of the motion in general, it was probable that 4 
_ slightly higher value of C would pass unnoticed, perhaps up to C = 2; 
but could it really be assumed in Mr. Warren’s example 1, if the limitation 
due to vertical acceleration were negligible owing to the road being a 
fairly narrow one and tilted about its centre-line, that he would seriously 
suggest a transition-length of 13-2 feet, with a value of C of over 50 ’ 
That would involve applying a centrifugal force of 35 Ib. to a 10-stone 
§ Ibid. | 
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passenger in about 4 second! The value of C to be used in design 
_ depended on several factors, such as the comfort of the passengers, suitable 
rate of turning the steering-wheel, the risk of the vehicle skidding, etc. 
With regard to the first factor alone, Mr. Robertson could not accept as 
e ideal, in the design of a road which should still be satisfactory in 40 
_ years’ time as well as at present, any value of C greater than 2, and there 
e was no reason, where space was available, why the really comfortable 
standard of C = 1 should not be used. When designing a road, it was not 
so much the fresh and alert driver, but the driver or passenger who had 
already been on the road for several hours, who-should be considered ; 
and apart from the mental concentration required by the driver for high 
values of C, the sideways rolling motion produced by the constant 
_ application of C first from one side and then from the other tended to 
_ produce car-sickness in the passenger. When C = 2, a sideways force of a 
quarter of the weight of the passenger, less a fraction according to the 
_ amount of superelevation provided, was developed on him in 4 seconds 
(or in 8 seconds for C = 1) which probably gave him time to adjust himself 
_ to the rolling tendency without a conscious effort each time; but that 
; would not be the case with higher values of C. 
_ Finally, Mr. Robertson wished to point out that the maximum 
' difference between Mr. Warren’s transition-curve and the lemniscate, 
ach 130 feet long, and each of 1,000-foot final radius, as in his example 1, 
é was just over 3 inches. In a carriageway of 25- or 30-foot width, a 
: difference of 3 inches was negligible, provided that a pleasing curve was 
iS 


obtained, so that once the all-important length of a transition-curve had 
been fixed, it appeared to be a secondary matter which particular 
mathematical transition-curve was used. The curve should be chosen 
~ largely according to the ease with which it could be calculated and set out, 
and the lemniscate was still preferable in that respect ; for the deviation 
"angle of the curve at any point was always exactly three times the polar 
 deflexion from the tangent-point, and very full tables of lengths and angles 
had been compiled for the practical use of the lemniscate. 

Professor F. G. Royal-Dawson observed that the Author’s proposals, 
= although supported by abstruse mathematics, were unfortunately based 
a on fallacious premises. The Author had relied on the supposed results of 
certain experiments. Professor Royal-Dawson had analysed those 
_ experiments, and a discussion arose * therefrom. In the light of the 
present Paper, the main points at issue might be reviewed in their true 
_ perspective. 

___ Briefly, the Author’s initial fallacy lay in assuming that the advocacy 
- of the C =1 standard, as a basis for road-curve design, implied that — 


< 


; * H. A. Warren and E. R. Hazeldine, “ Experimental Transition Curves.” Pro- - 
ceedings Inst. Mun. & Cy. E., vol. Ixv (1938-39), p. 1021 (March 28, 1939). Corre- 
spondence on this Paper, p. 1104 (April 11, 1939), p. 1146 (April 25, 1939), p. 1192 


_ (May 2, 1939). 
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( =1 represented the “‘ maximum comfortable” rate of turning (th i 
was to say, just short of discomfort). In order to test that assumption, , 
he performed experiments with light cars at low speeds in a car park : 
which, being a cul-de-sac, could not possibly have represented road con- - 
ditions. Consequently, as the experimenters had no objective, they ' 
simply made blind turns in any direction at haphazard speeds ranging } 
from 10 to 37-5 miles per hour; in most cases a maximum centrifugal 
ratio of 0-25 being attained in approximately a second. The sole idea was 
apparently to test their individual conceptions of “comfortable ” a 
“natural” turnings in a light car. As might have been expected, Hy 
sorts of values of C were obtained, ranging, by the Author’s computation, — 
from 0-7 to 34:1 and even 58-4, the last two figures being obvious mi 
calculations, since Professor Royal-Dawson’s analysis disclosed no fi 
higher than 11-6, The Author’s final verdict ¢ on those experiments was 
that “ having travelled in perfect comfort over transitions of characteristic 
C = 10 and the like, it was not easy to continue reading statements that 
C =1 is the maximum comfortable value, without some protest.” He 
even presented { the curious corollary that “ present designs based on 
C = 1 are just so much scrap.” The logic of that remark was not evident, 
since, if it were deemed “‘ comfortable’ to attain a centrifugal ratio of 
0-25 in 1 second, it would be even more comfortable to attain it in 8 
seconds (the C =1 standard). That was, therefore, no argument for 
“ scrapping ” the latter, but rather the reverse. 
The Author did not mention where he had read the statements 
which he referred. They did not occur in Professor Royal-Dawson’s 
writings. On the other hand, the latter's advocacy of the C = 1 standard 
as the basis for road-curve design did not rest on any individual’s idea of 
the maximum limit of comfort, but on a much wider foundation. | 
On the open road the motorist had a definite objective. He was 
concerned only with reaching his destination at his normal rate of speed 
with the least amount of exertion, never hesitating to take the line of 
least resistance (for example, cutting corners) as opportunity offered, and 
with no thought of trying centrifugal experiments. That was a matter 
- of common observation, and the Toronto records * clearly revealed to 
any unprejudiced mind that the routine and unpremeditated movements 
_ of motorists round a curve complied unwittingly with a standard approxi- 
mating to0 =1. Moreover, road traffic included not only light cars, bu 
also heavy lorries, motor-coaches, and ambulances, at all speeds, in all 
of which dynamic considerations affecting the safety of the vehicle and its 
contents in transit had to be taken into account. Even without the 


+ Loc. cit., p. 1146. 
+ Loc. cit., p. 1026. 
* F. G. Royal-Dawson, ‘‘ Speed in Relation to Curvature, with Special Reference 
to Tatiana Minutes of Proceedings Inst. C.E., vol. 240 (1934-35, Part 2), 
p. 132, 
F, G. Royal-Dawson, “‘ Road-Curves.” Spon, London. 1936, p. 172. 
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‘direct evidence of the Toronto records, it would be evident to anyone having 
clear conception of the meaning of C that, the lower the value of C, the 
ess was the fatigue imposed on the driver, who consequently had less 
“temptation to cut corners. Thus the C = 1 basis stood on its own merits 
as the safest and easiest that could be devised. 

Reverting to the present Paper, the Author’s claim to have proved 
from those experiments that C = 1 was very far from practical reality as 
a basis of road-curve design, was completely controverted by the facts 
of the case as set forth above. Such experiments had not even touched 
the fringe of the subject, and might from that point of view be regarded 
as “just so much scrap,” for their avowed object was to find the highest 
“yalues of C, within their range of speeds, short of discomfort. The 
utmost that they could prove, if proof were necessary, was that light cars 
at low speeds had a certain amount of swerving power in emergencies. 

- More serious, however, than the mere futility of those experiments 
| was the Author’s misinterpretation of them, due to a fallacious conception 
of the meaning of C. His main arguments had been invalidated throughout 


by using that symbol in a wrong sense. 
_ The symbol C as used by Mr. Shortt * had a definite and precise 


meaning. It might be defined as the number of feet (or other linear units) 
_per second per second in a second, denoting rate of gain of centripetal 
ee 


y ye 
"acceleration. Its basic equation was C = RI? where RL was a constant 


" transition. Thus, for a given transition, C varied as v3, Conversely, C 
had no meaning without reference to a given transition. 
The Author’s first violation of that definition occurred ¢ when he 


4 oe ee 

~ attempted to relate the growth of = with time, to the rate of turning the 

a . 

_ steering wheel (the front wheels being turned to an angle «, whilst B was 
; vw d/v 

_ the wheel-base of the vehicle). He said, “‘ the rate of increase is (=) 


i 


; B 
- which will be denoted by C.” Whence, substituting r = a he obtained 


O d (va\  wda 

rt \ Bo] iB digs 
~ It did not require much calculation to perceive that when a vehicle pro- 
ceeded at a steady speed while the steering wheel was turned at a steady 


rate, a true transition-curve was automatically described, but as, with a 
given rate of turning the steering wheel through an angle a, the scale 


2 


__ * A Practical Method for the Improvement of Existing Railway-Curves.” Minutes 
“of Proceedings Inst. C.E., vol. elxxvi (1908-9, Part II), p. 97. REZ 
es + H. A. Warren, “Highway Transition Curves.” Proceedings Inst. Mun. & 
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and extent of the transition described depended entirely on the vehic¢ 
speed, varying as the latter varied, it was impossible to relate such diverse 
factors in general terms to the symbol C, which by its very definiti 
was determined solely by the factor of vehicle-speed in relation to a giv 
transition. 

Unfortunately that misuse of the symbol C was carried a step farther } 


and arbitrary values were assigned to B and 7 Taking B as 7-86 feet 


: 
and = as 4-5 degrees per second (or about 27 degrees per second on the 
steering-column with a gear-ratio of about 6), the formula became: 
v2 
C — 100° 
Thus, by specious reasoning, invoking arbitrary steering details, a 
spurious meaning had been attached to C, making it appear as a functi¢ 


TasBLe I. 
Speed: miles per hour. 10 15 20 25 30 
C (by Author’s formula) . | 2:1 4-9 8-6 13-4 19-3 29-4 
: 13-6 : 
“ere. }] om | oor) {iss | {42,1118 | 
C (by experiment, } {xo af { 3 9-9 72 oli 
plotter test) . : 4:7 5-0 7-0 5-4 


of » only, varying as v? without reference to any other consideration, 
whereas the real C varied as v3 with reference to a given transition. 7 
The erratic nature of the values of C assigned by the Author to the 
various experiments were due to his crude method of extracting them, the 
chief fallacy being the assumption that the transition began exactly on 
the zero cross-line of observation (the approach-lines not being recorded). 
Professor Royal-Dawson’s method of analysis was to superimpose a 
transition-plotter of a size selected in each case to fit accurately with the 
curve from the observation zero to the crucial part of the curve approaching 
the minimum radius. That revealed the true starting point of the transi- 
tion, occurring in most cases on the approach prior to reaching to observa- 
tion zero mark. Table I gave the comparative figures (in which grouped 
figures had approximately the speeds named in their respective columns). 
Whether the Author’s or Professor Royal-Dawson’s figures on the expe i- 
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ments were accepted, it required more than a stretch of imagination to 
see any correspondence between them and the Author’s formula, which 
was not surprising, as there was no logical relationship between them, 
since at least half a dozen different sizes of transition were involved in- 
discriminately in ten experiments, and for the same speed two or more 
idely varying figures were obtained in three cases. 
_ Incidentally, the experiment at 37-5 miles per hour, in which a record 
centrifugal ratio of 0-33 was achieved in less than a second, was described 
as a “natural turn,” whatever that might mean. 

_ Arising from that spurious conception of C, the Author’s final inference 
was that “if the speeds had been any higher so would the value of C 
obtained, and the transition part of the curve would have shrunk away to 


nothing iy 


& Taste IT. 

i 

ie Speed. For centrifugal ratio 0°25. C: 

— ite feet] 

zz Soc: aaa Til rime ot | sea0nd per 

i a cod Socata Ie! al NaN 

a 

4 

‘14-67 (10 ) 1,467 26-6 55 3°75 2-1 

“3 22-0 (15 ) 2,200 60-0 36-66 1-66 4-9 
29-34 (20 ) 2,934 106-6 27-5 0-94 8-6 

36-66 (25 ) 3,666 166-6 22-0 0-510 13-4 

' 44-0 (30 ) 4,400 240-0 18-33 0-417 19-3 
55-0 *(37-5) 5,500 373-6 14-72 0-267 29-4 
58-66 (40 ) 5,866 426-6 13:75 0-234 34:5 
73°33 50 ) 7,333 666-6 11-0 0-15 53:5 
88-0 (60 ) 8,800 960-0 9-16 0-104 Wid 


* Maximum speed reached in the Author’s experiments. 


x The absurdity of that reasoning could best be illustrated by equating 


<. 2 ye 

, she spurious formula to the true one. Thus C= 100° RE’ whence 
- RL 

= 100’ 


- ‘The results of that equation were given in Table IT. 

- Thus whilst, at a speed of 10 miles per hour, the time allowed for 
taining a centrifugal ratio of 0-25 was 3°75 seconds, a vehicle (perhaps 

heavy motor-coach) travelling at 60 miles per hour was to be jerked 
o the same centrifugal ratio in 75 second! The lengths of transition 

re b5 and 9 feet respectively, and the corresponding values of C were 

own in the last column. Those were the values supposed to have been 


onfirmed by the Author’s experiments. aw: 


R. Hazeldine, ‘‘ Experimental Transition Curves.” Pro- 
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called very far from practical reality. 
In the face of such anomalies, it was no wonder that the Au ha 
expressed misgivings as to whether the conception of C was of itself ' 


suitable basis. His present proposal to consider superelevation as a ne» 
basis arose from his dilemma in having to provide, as the result of hi 
practical extermination of the transition-curve, an expedient for thi 
almost instantaneous application of a full centrifugal ratio of, say, 0:28 
He recognized that superelevation applied too abruptly (even by thi 
0-4 rule) involved a steep short longitudinal gradient, which would hay 
to be eased by vertical curves at the changes of gradient. To compensat 
for those vertical curves, the transition-curve was partially reinstate 
but was no longer a true transition, but one which, by meticulous calcula: 
tion, required to be flatter than it should be at the ends. In spite of that 
having in view the shortness of the transition, and the consequent abrw 
ness of the superelevation, he visualized a sudden application of vertiea: 
acceleration, the effect of which was to be “ absorbed by tire-cushioning 
springing, etc.’”” The Author recognized that for high speeds on a shor 
transition the vertical acceleration was the main consideration. Beyonc 
specifying, however, that it should not exceed p feet per second per secon 
he gave no hint as to how to determine the maximum permissible v. 
of p in a given case. : 
The Author gave two alternative methods of determining the len: 


value for p; (2) by the so-called “0” formula, applied to his specia 
form of transition. ; 
His numerical example 1 might now be analysed. It was require 
to join a straight to a radius of 1,000 feet, with a transition fit for 60 mile 
per hour, given a road-width of 30 feet, and that p was not to exceet 
8 feet per second per second. ‘ 
By method (1) he obtained ZL = 130 feet, traversed in 1-5 second. 
By method (2) he obtained Z = 13-2 feet, traversed in 0-15 second. — 
Then, by way of comparison, he tried the effect of using C =1, by 
which he erroneously obtained Z = 1,024 feet, traversed in 11-65 seconds 
(That could be shown to correspond to O = 0-666). 
8 ; ; 
The true formula, using C = a and making C = 1, gave L = 682 feet 
traversed in 7-75 seconds. 
The corresponding values of C by the true formula would be 

(1) C= 5-25; (2) C= 53; (3) C= 0-666; (4) C=1. 
The following further analysis might be noted: the maximum centri 
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2 
ugal ratio was 0-24; hence the banking at edge of 30 feet was, say, 3 feet. 
thus the longitudinal gradient in the four cases was: (1) 1 in 43:3; 
2) 1 in 4-4; (3) 1 in 341-3; (4) 1 in 227-3; whilst the vertical accelera- 
jon p was (1) 8; (2) 774; (3) 0-2; (4) 0-29 feet per second per second. 
fence, in gradient as well as in vertical acceleration, the advantages of the 
ourth method over the first method were very great. In the fourth 
nethod the gradient was so easy as to preclude the necessity for considering 
vertical acceleration, or the Author’s special form of transition-curve, 
ecause the usual vertical curves given by highway engineers as a matter 
of course at all changes of gradient removed the necessity for special shock- 
ybsorption devices on the car. 

__ In conclusion, reviewing the whole question, it would seem that the 
Author, in endeavouring to express C in terms of an arbitrary steering 
actor, had assumed that a steering-wheel could be turned to any given 
ingle, at any rotary speed, “ lightning ” or otherwise, at any given moment 
ut will, without regard to physical possibilities or to the reaction on the 
vehicle and its contents. 

& The existence of such factors as momentum of the vehicle concerned, 
back-lash in the steering mechanism, and castor action tending to counter- 
act the steering effort, also the effect of a sudden lateral tilt on the springs 
and contents of a heavy vehicle due to an over-brusque rate of super- 
slevation, not to mention skidding and overturning tendencies, did not 
seem to have occurred to the Author, for otherwise he might have realized 
that his formula was fundamentally unworkable. 

a On the question of momentum alone, it was only necessary to compare 


2 2 
the kinetic energy, > of a 1-ton car at 20 miles per hour, with that of a 
ton vehicle at 60 miles per hour, to note that the latter was ninety times 
as great as the former, with a speed only three times as great. To that . 
ould be added the kinetic energy of the rotating wheels, which might 
amount to 10 per cent. more, tending to carry the vehicle forward 
tangentially at any moment against any steering effort. 
- Moreover, without assigning numerical values to the steering effort 
,quired for a given vehicle in example 1 (60 miles per hour on a 1,000-foot 
adius), it would be obvious that in comparing the first and fourth solu- 
ions, where the turns were made in 1-5 second and 7:75 seconds respec- 
tively, the steering effort (by the principle of work and energy) would 
1ave to be more than five times greater in (1) than in (4). The required 
effort in solution (2) might be left to the imagination. Put in another 
ay, the wrist-force required to turn the steering-wheel through a given 
ngle in 7-75 seconds would have to be increased fivefold at least to make 
.e turn in 1-5 second. That alone was a sufficient argument for the 
mger transition. It also showed the futility of conducting experiments 
ith the avowed object of ascertaining the “ maximum comfortable” rate 
f turning, for whilst a swerve to a centrifugal ratio of 0:25 in less than a 
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second might be the Author's ideal of “ perfect comfort”, a road- rac 
skidding round a hairpin bend might also consider himse “ comfortable 
so long as his car did not actually overturn. | 
In short, the more deeply the question of road transitions was studieg 
the more convincing did it become that the only rational basis of roae 
curve design was a low value (the lower the better) of the symbol 
correctly applied to the speed standard required, as that ensured ia 
minimum of fatigue to any driver at any speed, especially at high speed 
Professor Royal-Dawson * had always allowed for a permissible excess « 
speed over the C = 1 standard for light cars at low speeds, according to‘ 
sliding scale. | 
The Author, in reply to the Correspondence, stated that a great d 
rather tangled theory and philosophy had grown up on the subject of 
suitable, natural, or comfortable value of C, all of which might have b 
avoided by conducting a few simple and direct experiments with act 
road vehicles. Such experimental work the Author had carried out, bi 
Professor Royal-Dawson, in his communication, sought to dispute th 


experimental evidence of his own, obtained from recorded tracks of ro ; 
vehicles, there existed no basis of discussion. It was such a simp 


check the conclusions obtained, that any further philosophical discussio 
on that point was a waste of time. The secondhand evidence on whi 
Professor Royal-Dawson relied was completely worthless for reasons 8 
out in the communication from Mr. 8. K. Lewis. One could not but fe 
that had Mr. Shortt ¢ originally recommended a value for C of 10 feet p 
second per second per second, Professor Royal-Dawson would with equ 
facility have obtained that figure and supported that value. 

The intrinsic meaning of C was, of course, the rate of gain of centrifug z 
acceleration, but the Author was of the opinion that, so far as comfort ar 
safety were concerned, limitations to its numerical value on those groum 
were so wide that other secondary considerations became predominar 
for instance, the rate of turning the steering-wheel, and the verti 
acceleration arising from banking the surface. Consideration of the ra 

2 
of turning the steering-wheel gave C = x 
wheel was turned at 27 degrees per second, although Professor Roy 
Dawson saw in that a “violation of the definition of C,” presumak 


on the assumption that ti 


* “Elements of Curve Design.’? Spon, London, 1932, pp. 104, 138. “R 
Curves.” Spon, London, 1936, pp. 172, 242. 
+ H. A. Warren and E. R. Hazeldine, ‘“‘ Experimental Transition Curve 
Journal Inst. Mun. & Cy. E., vol. Ixv (1938-1939), p. 1021 (March 28, 1939). 
} “A Practical Method for the Improvement of Existing Railway-Curvi 
Minutes of Proceedings Inst. C.E., vol. elxxvi (1908-9, Part IT), p. 97. ‘x 
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ecause he was unable to conceive other than a fixed value for C. His 
statement that for a “ given transition ” the value of C experienced would 
9e proportional to v3 was certainly correct, but, like so much of his com- 
munication, was irrelevant, since no “ given transition” was concerned. 
Phe Author was not perturbed that his experimental values were erratic 
5 : v2 
ec differed from 100 
namely, that the value of C could and did vary within the widest limits. 
Professor Royal-Dawson.. was again only demonstrating the need for a 
basis other than C when, subsequently to his Table IT, he used the values 
he had obtained for the time of transit in an endeavour to pour ridicule on 


, since that was just the conclusion he had arrived at, 


cia 2 

the use of 700 283 value for C. In both the numerical examples set out by 
the Author, the limitation to length, and therefore time, of transit, arose 
not from the O-basis at all, but by reason of vertical accelerations. That 
was the chief reason for the creation of a new type of curve. 

4 Professor Royal-Dawson had pretended to find mistakes in the Author’s 
/¥ v2 

first example by the artifice of calculating L from L = RO? which he re- 


te : 
ferred to as the “ true formula.” He had stated that he found the mathe- 
‘matics “ abstruse,” and was therefore possibly unaware that his “ true for- 

ula” was correct only for the spiral, and that for the jemniscate, the cubic 
parabola, and the suggested curve it was far from being true on account of 
the rate of gain of curvature not being constant. His further remarks 
oncerning momentum and kinetic energy were redundant since those 
were only alternative conceptions of the effect usually expressed as 
centrifugal force. The next point raised about the wrist-force required to 
burn the steering-wheel would be seen in true proportion if it were noted 
that, for a 1000-foot radius, assuming a wheel-base of 7-6 feet, and a 
‘steering ratio of 6 to 1, the angle turned through by the column was 2°61 

legrees. Speculations and philosophy on the wrist-force required to 
‘achieve that momentous task were thus somewhat idle. At high speeds 
greater difficulty was experienced in keeping the wheel straight than in 
surning it through such small angles. In direct contradiction to Professor 
oyal-Dawson’s last remark, the reasonable rate of turning the steering- 
eel did become a limiting factor at very low speeds when the angle that 


2 
sould be turned through before 3 exceeded 8 feet per second per second was 


F rge, but such small radii were outside the scope of the highway engineer. 
The Author had found it very helpful and encouraging to read the 
communication from Mr. Pratley. The expression of the allowable value 


, 2 = 
f Cin terms of 09 followed directly from the assumption of a reasonable 


figure for the maximum rate of turning the steering-wheel, and should be 


Scat 


: FF 
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taken as only a rough guide. Mr. Pratley had noted that in both thi 
Author’s examples, and in one cited by himself, the value of C act 
experienced on the transition designed was approximately constant at 8 fe 
per second per second per second. The Author had investigated that poins 


and if, as Mr. Pratley had suggested, the value of L were found solely oD} 
6m. 7 a F 


considerations of vertical acceleration, that is, from DL = v2 J Robi 


then, substitutins 


: 3v3 
and the resulting value of C was found from C = ORL 


v2 : 
for L, it followed that C = POP. - |]. Using the values stated to 
6mw \R 


the local practice in Montreal, it was true that C was found to be appre : 
mately 8 feet per second per second per second, which verified in genera 
terms what Mr. Pratley had found by numerical examples. The Authon 
was inclined to agree that for most practical highway-curves the conception 
of C was no longer a basis for design ; indeed, that was the main purport o 
his Paper, but, on the other hand, if © were to be retained as a check: 
criterion, the Author was not entirely prepared to accept a fixed value of & 
as Mr. Pratley had suggested, since although that figure was suitable fon 
the average conditions stated to be the practice in Montreal, it might not) 
be so suitable for the design of, say, a clover-leaf crossing with sharp radii, 
and for low speeds ; in such cases a lower value of C would be more suitabl 
since at low speeds the maximum reasonable rate of turning the steerir 
wheel became the predominant criterion. 7 

Mr. Pratley had rightly drawn attention to a numerical error in the 
Paper regarding the deflexion-angle, and the Author had to thank him for 
that correction. . i 

Mr. L. R. Robertson, evidently after mature consideration, had 
raised some interesting points. The shape in plan of existing transition- 
curves had been governed by the consideration that the rate of gain of 
radial acceleration should be finite and more or less constant (exactly 
constant in the case of the spiral). If that consideration were no longer 
important, as the Author believed his experimental work to have prov ed, 
then the next predominant criterion of comfort and safety, namely, vertica 
acceleration, should logically govern the shape of the curve. The Author 
was willing to admit that the superelevation need not be linked to the 
curvature of the transition by a constant ratio such as 0-4, but if that method 
were adopted, then the transition would have the merit of being mechanie- 
ally perfect for vehicles travelling at +/0-4 of the design speed. Regari 
the esthetic value of the curb-line, the Author would have thought 
the smoothly curved longitudinal profile of the new curve would 
provided, even in short lengths, just the pleasing effect that Mr. Robertson 
so desired, but he was not prepared to be dogmatic about it. On the point 
concerning the tilting of the road-surface, the Author, realizing that there 


‘ 
6 


1 


* 
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i 
ras diversity of practice in that respect, was careful to frame the formulas 
vith the symbol w denoting either the full width of the road when tilted 
pout one channel or the semi-width when tilted about the centre-line, and 
he numerical calculations set out were equally valid for either type. 
\dmittedly, vehicles travelling at speed were often nearer the crown than 
he curb, but there, as in all design, one had to allow for the worst case, and 
he maximum vertical acceleration would naturally be experienced when 
vavelling around the outside of the banking. Mr. Robertson expressed 
misgivings at the use of high values of C, but if he were to carry out a few 
simple experiments on the lines previously mentioned the Author was 
confident that Mr. Robertson would become convinced that in so far as 
highways were concerned, the experience of Mr. Shortt * in 1906 regarding 
railway-curves was only interesting from a historical point of view. The 
example quoted, in which a force of 35 Ib. operated on a 10-stone passenger 
a second, certainly sounded disturbing ; stated in another way, how- 
ever, the resultant force on the portion of the body above his seat 
became inclined at angle of 14 degrees to the vertical, and therefore still 
passed well within his © eontact area ”, thus maintaining stability without 
any conscious effort on the part of the passenger ; the effect then appeared 
less alarming. It should be remembered that the 35 lb. quoted was not a 
concentrated force, but was distributed all over the body, and only the 
portion above the seat tended to cause sway. In self-defence the Author 
had to point out that the 7 second quoted above did not correspond to the 
solution used in his numerical example; but, for the hypothetical case 
stated by Mr. Robertson, the Author was quite convinced that + second 
“was not incompatible with comfort or safety, both the latter being dependent 
v2 


2 
n the absolute value of 5 and almost independent of the rate of gain of R 


, raised on tired drivers and the “ mental concentra- 
values of C, the angle to be turned by the steering- 


e, only 2-61 degrees, and the 


“With regard to the point 
ion ” necessary for high 
olumn was, as stated before for that exampl 


Author could not believe that that required such a mental effort as had been 
suggested ; indeed, more concentratio 


; 


n would be required to occupy 11-65 
C =1 standard. Regarding 


seconds over that task, corresponding to the 
de to the other would be the 


sar-sickness, any continued rolling from one si 
/ * , 
namely 7 and had little or no connexion 


A 


pot of reversal of curvature, 


- with values of QO, high or low. 
Admittedly there was not a wide divergence in plan between the new 
- and the lemniscate, but the Author was not prepared to admit that 
the latter was in any way easier to set out, or to calculate ; and in any 
case it was surely a bad principle to select a certain curve merely because it 
made the calculations easier. The recommended curve corresponded to 


for the Improvement of Existing Railway-Curves.” — 
C.B., vol. elxxvi (1908-9, Part II), p. 97. c 
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more natural movements of the steering-wheel than did the lemniscate, a 
was therefore more likely to agree with the path of the vehicle. ¢ 
It was most gratifying to read the kind remarks made by Mr. 8. Ki 
Lewis, and the Author hoped that other practical highway engineers wouk 
give the new curve a fair trial, even if their adherence to the old orde 5 
induced them to use rather lower values of p and C than those suggest L: 
It should be pointed out, however, to those who believed that by using lows 
values of C' they were designing safe roads, that, for a given total deviati m4 
angle and fixed tangent-points, or mid-points, the lower the value of Cf 
used the less would be the minimum radius of the bend, whether all 
transitional or whether compounded with a circular arc. In other wor u 
by restricting the rate of gain of radial acceleration, the final absolute 
value had to be greater; consequently real comfort and safety, as 
2 4 
expressed in a minimum value of _ was in that way sacrificed for ant 
illusory gain supposed to be associated with low values of C. 
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“The Protection of Dams, Weirs, and Sluices against Scour.” | 


By Rosert VALENTINE Burns, Ph.D., B.Sc., Assoc. M. Inst. C.E., 3 
and a 
Assistant-Professor Cepric Masry Wurre, Ph.D., B.Sc. 


Correspondence. 


Mr. A. R. B. Edgecombe observed that Dr.-Ing. Theodor Rehbock, in 
his contribution to the Correspondence on the Paper*, after pointing out, 
quite correctly, that there were more weirs and dams in British India than 
in any other country, expressed surprise that it was one of the few countries 
where his dentated sill was not used. He attributed that fact to the 
action of the Central Board of Irrigation in distributing throughout India 
by their official publications, Reports of tests carried out in the Punjab 
Irrigation Research Institute at Lahore which showed that the Rehb 
dentated sill was unsatisfactory. Dr. Rehbock stated that the tests in 
question had not been performed correctly. " 


+ Journal Inst. C.E., vol. 10 (1938-39), p. 23 (November 1938). 
* Journal Inst. ©.E., vol. 12 (1938-39), pp. 266 et seg. (October 1939), 
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In the first place, Mr. Edgecombe would point out that no official 
publication of the Central Board of Irrigation contained either a description 
_or the results of the tests with Dr. Rehbock’s dentated sills carried out at 
the Punjab Irrigation Research Institute, nor had any opinion been 
expressed in any of the publications against the use of dentated sills. 
Opinions expressed by certain Research Officers on their unsatisfactory 
_ experiences with dentated sills, in the course of discussions at the annual 
“meetings of the Research Committee of the Central Board of Irrigation, 
_ had been published in the Annual Technical Reports of the Board, but they 
"were clearly recorded as expressions of individual opinions, and could in 
no way be construed as the views of the Board. In point of fact, one of 
“the Board’s important technical publications} listed Dr. Rehbock’s - 
“dentated sill as one of the devices for dissipating energy downstream of 
_ weirs along with other devices serving the same purpose, and a description 
of the dentated sill in Dr. Rehbock’s own words was quoted from 
| Freeman’s “ Hydraulic Laboratory Practice,’’|| with illustrations showing 
' the correct position of the sill. 

_ A brief reference to tests of dentated sills carried out with unsatisfactory 
“results at the Punjab Irrigation Research Institute, Lahore, in 1936 was 
' contained in an abstract published in one of the Quarterly Bulletins issued 
by the Board. The Quarterly Bulletins were, however, mere collections 
of abstracts of all literature received in the Board’s library, and did not 
in any way reflect the opinions of the Board. 

With regard to Dr. Rehbock’s observation that many Indian engineers 
were unaware of the criticism that he had made of the tests with dentated 
sills made in India, it might be of interest to Dr. Rehbock to know that 
his criticism of the allegedly incorrect experiments with dentated sills 
carried out by Dr. H. L. Uppal and Mr. N. N. Bhandarif}, was published 
in abstract form in an issue of the Board’s Quarterly Bulletin, which was 


aM distributed throughout India. 


Dr. Rehbock contended that the expense incurred in lowering a layer 
of concrete blocks 60 feet: broad by 4,000 feet long through a distance of 
4 feet, on the Marala weir in the Punjab, could have been avoided by the 
" installation of dentated sills, as his model-tests had clearly shown. 
4 The reason why it was necessary to reconstruct the downstream 
glacis and floor of the Marala weir, and to lower the latter as well as the 
ose protection beyond by 4 feet, was that in high floods such as those of 
29 and 1930, the standing wave formed on the semi-pervious floor 
_ smashed it up and removed the loose protection beyond, so that the weir 
was only saved from being “ gapped” by the presence of the three well- 
es. The work as originally constructed consisted of alternate courses 


+ A. N. Khosla, N. K. Bose, and E. M. Taylor, “Design of Weirs on Permeable _ 
Seadatione.” Publication No. 12, Central Board of Irrigation, India. Simla, 1936. 
_ || Am. Soc. Mech.E., 1929. ? ie ; 
+t “Protection against Scour below River and Canal Works.” Minutes of 
eedings, Punjab Engineering Congress, vol. xxvi (1938), p. 107. 
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of stone in lime-surkhi-sand mortar. On the glacis the upper course had | 
been “ blistered” (uplifted) right along the weir, and finally as the 1-foot ; 
gap between the wells had not been closed off fully there was every reason | 
to suspect that there were large cavities under the downstream glacis and | 
floor similar to those that actually existed in the semi-pervious floor and | 
down the crest. 

The Marala weir was the second most important weir in the Punjab, , 
as upon it depended the irrigation of the Lower Bari Doab colony as well | 
as the Upper Chenab, and neither a dentated sill nor any other arrangements 
to prevent scour downstream could have saved that weir from ultima 
collapse if it had not been reconstructed. 

It was true that Dr. Rehbock, late in 1935 and at the request of 


Karlsruhe on a model of the existing Marala weir. At the time he was 
under the impression that the blocks and the loose protection below the } 
last, or A, line of wells (shown in the plan supplied to him) did not exist at } 
the site. In that test the dentated sill was placed at the end of the work : 
above the Cline of wells. That test gave very satisfactory results. Owing ; 
to the dangers of oblique flow, the Punjab engineers had refused to agree to 
the removal of the loose protection below the Marala weir to make the ; 
dentated sill fully effective, and, in any case, it was doubtful whether that | 


a good deal of it was grouted and consisted of stone to an unknown depth 
The engineers had also refused to adopt a new device (costing, in the 
case of the Marala weir, Rs. 8/- per foot), which had not been tested out 
under Indian conditions in the Research Institute at Lahore or elsewhere 
in India. That was pointed out to Dr. Rehbock, who agreed to tes 
being made at Lahore with the loose protection in situ and suggested 
two positions for the sill, one on the C line of wells at the end of the work 
and the other 44 feet upstream of that line. He also supplied the 
dimensions of the sill, and in the model-tests at Lahore those dimensions 
and the positions suggested by Dr. Rehbock had been faithfully adhered to. 
The tests showed that the dentated sill was less effective in the model 
than were the staggered blocks devised by the Research Institute in 
Lahore. The results of the tests were sent to Dr. Rehbock, but Mr. Cox 
had received no further communication from him, and presumed that he 
accepted them as having been correctly carried out. 
Dr. Rehbock admitted in 1936 in his communication that, unless his 
sill was placed at or near the unprotected river bed “it could be of no real 
use.”” On the other hand, staggered blocks, which acted on a different 
principle, had for some years proved to be of considerable value in reducing 
scour below weirs where loose protection existed beyond those blocks. 
Finally, tests on the Rehbock sill had been carried out on only one 
occasion in the Punjab Irrigation Research Institute, and not for several 
years, as alleged by Dr. Rehbock. ae 
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RECEIVED BETWEEN THE ist SEPTEMBER, 1939, AND 
THE 31st AUGUST, 1940*. 


TITLES. 


pAms.—The Emerson Barrage. F.F. Haigh. No. 5227. 

Gebel-Aulia Dam. A. G. Vaughan-Lee. No. 5238. 

Model-Experiments on Gebel-Aulia Dam. Hasan Zaky. No. 5248. 

A Method of Estimating the Maximum Possible Amount of Silt 
Deposit Upstream of Dams constructed in Silt-carrying Rivers. 

4 Abdel Aziz Ahmed, Bey. No. 5245. 

pocKS AND HARBOURS.—Beach Formation by Waves. Some Model- 

Experiments in a Wave Tank. Major R. A. Bagnold. No. 5237. 


|" LECTRICAL ENGINEERING.—Notes on the Design and Construction of 
a Large Transformers for the “Grid” Scheme. W. A. Glover. 
ee No. 5250. 
" encineertne.—Engineering Problems in Fenland. B. P. Fletcher. 
a No. 5249. 


_ ESTUARIES.—An Experimental Investigation of the Propagation of Tides 
; along Channels both Parallel and Convergent. Jack Allen and 


_J.L. Matheson. No. 5228. 


~ HyDRAULICS.—Laboratory Experiments on Bellmouth Spillways. A.M. 
; Binnie and R. K. Wright. No. 5236. 
Discharges by Surface Floats. W. M. Griffith. No. 5240. 
 RAILWAYS.—Hammer-Blow in Locomotives—Can it not be abolished 
altogether ? Sir Harold N. Colam and J. D. Watson. No. 5243. 
Colonial Railways 1929-38: an Economic Review. J. W. Spiller. 
No. 5253. 
ROAD CONSTRUCTION.—The Construction of Low-Cost Roads in South- 
. West Iran. 8. W. F. Morum. No. 5234. 
A Report on Current Methods of Soil Testing and other matters 
connected with German Road Construction. Robert Young. 
~ No. 5247. 


ROAD-CURVES.—General Properties of Parabolic Vertical Curves, with 


* Available for reference in the Library ; includes Papers awaiting publication. 


‘uxcavations.—The Design of Unlined Ditches. J. M. Little. No. 5244. 


Special Reference to Road Design. D. W. M. Smith. No. 5239. soe 
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SEWAGE-DISPOSAL.—The Design of Sewage Purification V Work 
Whitehead. No. 5235. 


SOIL-MECHANICS.—An Apparatus for Measuring the Lateral Pel re 
Clay Samples under a Vertical Load. G. M. Binnie and J. A. 
No. 5242. 


STRUCTURES.—Moment Balance: a Self-Checking Method of analy 

Rigidly-Jointed Frames. R. J. Cornish. No. 5246. 

The Effect of Earthquakes on Framed Buildings. A. J. Ockl 

No. 5241. 

Notes on Determining the Stresses in the Guys of Guy-Suppo 
Masts. H. Tooley. No. 5252. 
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is RUSTAT BLAKE! was born on the 16th May, 1871, and died in 
London on the 14th April, 1940. He was educated at Haileybury and 
_ Cambridge University, and received his engineering training under Sir 
John Wolfe Barry and Mr. H. M. Brunel. He remained with the firm 
of Sir John Wolfe Barry and Partners, and was engaged in railway 
_ and constructional work in the United Kingdom and in India. From 
1911 to 1918 he was personal assistant and later chief assistant to Sir 
John, and was responsible for the whole of the firm’s work as consulting 
engineers for the Bengal-Nagpur Railway. He was also joint consulting 
engineer for the Southern Punjab Railway until its liquidation. During 
the great war he was a member of the Headquarters staff of the Department 
of Explosives Supply, Ministry of Munitions. In 1918 he became a partner 
in the firm of Sir John Wolfe Barry, Lyster, and Partners, and in 1920 
was appointed civil engineering member of the Royal Commission on 
Uniform Railway Gauge for the Commonwealth of Australia, which 
prepared a report to the Governor-General. In 1922 he joined, as a 
partner, the firm of Sir Alexander Gibb and Partners, and was actively 
engaged, until his death, in all branches of constructional engineering, 
and particularly in connexion with hydro-electric power, tunnelling, 
waterworks, structural steelwork, docks and harbours, and foundation 
work. He was a member of the Home Office panel of civil engineers 
under the Reservoirs (Safety Provisions) Act, 1930. 
Mr. Blake was elected an Associate Member of The Institution in 
February, 1897, and was transferred to the class of Member in March, 1910. 
He was also a member of the Institutions of Mechanical Engineers, 
tes Engineers, and Engineers of Australia, and of the Institute 
‘ of Metals, and was an Associate of the Institution of Naval Architects. 
? 


; In 1911 he married Maud, daughter of James Wallace, of Moffat, who 


survives him. 


= 


- PROFESSOR STEPHEN MITCHEL DIXON, 0.B.E., was born 
~ in Dublin on the 26th May, 1866, and died at Nice, France, on the 25th 
March, 1940. He was educated at Rathmines School and Trinity College, 
- Dublin. In 1890 he joined the staff of Lovatt & Company, and worked 
~ on the King’s Cross and Redhill tunnels. In 1902 he was appointed — 


' 1, A more detailed memoir of Mr. Blake is available for reference in the Institution 
Library. Pa 
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Professor of Civil Engineering in the University of New Brunswick, and 


after 2 years went to the Dalhousie University, Nova Scotia. In 1905 | 
he became Professor of Civil Engineering at the University of Birmingham | 
being appointed Dean of the Faculty of Science in 1912. In 1913 he © 
came to London as Professor of Civil Engineering at the Imperial College, 
South Kensington. He remained in the University of London until 1933, 
and served as Dean of the City and Guilds College from 1931 to 1933. 
Early in the great war he was personal assistant to Sir Henry Fowler, 
the Director of Production at the Ministry of Munitions ; in 1917 he went — 
to France as a Lieutenant.in the Royal Engineers, and was promoted to 
Captain in 1918. 
From 1923 to 1935 Professor Dixon was a member of the Safety 1 


out important research work. In 1937 he was awarded the O.B.E., 
and in the same year he retired and took up residence at Nice. 

He was elected an Associate Member of The Institution in December, — 
1892, and was transferred to the class of Member in 1906. He delivered — 
the Vernon Harcourt Lecture in 1929*. He presented Papers to The © 
Institution, sometimes as joint author, on photographic surveying §, _ 
on the strength of concrete slabst, on the flow of water over a broad-crested — 
-damf, and on the flow of the river Severn||. For the first- and the last 
mentioned of these Papers he was awarded Telford premiums. 

He married, in 1894, Aline Allison, daughter of Thomas Harrison, — 
Chancellor of the University of New Brunswick, by whom he had one — 
daughter, and who died in 1934; in 1937 he married Mademoiselle — 
Josephine Marie Jud, of Annecy, Haute Savoie, who survives him. | 


* “The Work of the Committee of The Institution on the Deterioration of 

Structures in Sea-Water.” The Inst. C.E., 1930. 

§ “Surveying with a Camera.” Minutes of Proceedings Inst. C.E., vol. elxxxiv _ 

(1910-11, part II), p. 284. 

t 8. M. Dixon and P. W. Villiers, “‘ Experiments on the Strength of Plain and _ 

_ Reinforced Concrete Slabs.” Jbid., vol. clxxxv (1910-11, part ITI), p. 310. = | 

2 { 8. M. Dixon and F, W. Macaulay, ‘‘ Measurement of Discharge over a Rock- 
faced Dam.” Ibid., vol. 220 (1924-25, part II), p. 98. ‘ 

|| 8. M. Dixon, G. Fitzgibbon, and M. A. Hogan, ‘‘ The Flow of the River Severn, 

_ 1921-36.” Journal Inst. C.E., vol. vi (1936-37), p. 81 (June, 1937). 
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ABSTRACTS OF THE CURRENT TECHNICAL 
LITERATURE OF ENGINEERING AND 
APPLIED SCIENCKH, 


ENGINEERING CONSTRUCTION. 


Detection of Unsound Chert in Concrete Aggregate. C. H. WuERPEL 
* Engng. News-Rec., 124, 652-654; 9 May 1940).—The Author describes 
_the equipment used in studies of unsound concrete aggregates containing 
“chert, which demonstrated that the trouble experienced is caused by the 
presence of pebbles of low specific gravity. It was found that such pebbles 
can be separated out by flotation in a heavy liquid. The apparatus 
required and the procedure to be adopted are described in detail. 


A Study of Sieves for Coarse Aggregates. A. H. D. Markwick 
*J. Soc. Chem. Ind., 59, 88-92 ; May 1940)—The Author describes com- 
" parative tests made on woven wire and perforated plate sieves ranging in 

size from } inch to 3 inch. Woven wire sieves were found to be con- 
siderably less accurate in aperture-size and shape than perforated plate 
throughout the range of sizes tested. A woven aperture had an effective 
size larger by about 4 pet cent. than that of a perforated plate of equal 
projected size. The results are presented in Tables and curves, and the 
Author suggests that woven sieves could be replaced advantageously by 
perforated sieves down to and including the 35-inch size, where the sieves 
designated in fractions of an inch join the fine-mesh series and a dis- 


continuity therefore already exists. 


Masonry Dams. (*Proc. Amer. Soc. Civ. Engrs., 66, 812-943 ; May 
1940.)—In the first of a series of six Papers reviewing progress in con- 
nexion with the design and construction of very high dams, Messrs. I. H, 
Houk and K. B. Keener (pp. 813-827) discuss basic assumptions and 
_ technical considerations involved in the design of dams of the single-arch, 
‘curved gravity, and straight gravity types, built on rock foundations. 
‘Mr. R. §. Lieurance (pp. 829-851) presents a comprehensive series of 
_ Tables to facilitate the computation of forces, moments, and radial de- 
xions in the design of arch dams. Seven basic load conditions are thus 
provided for. Messrs. C. H. Paul and Joseph Jacobs (pp. 852-868) 


Norns.—An asterisk prefixed to a reference, thus *Engng. News, Rec., denotes that 


the article is illustrated. 
The abbreviated titles of perio 


: dicals are those used in the “ World List of Scientific 3 
Periodicals” (Oxford, 1934). ae 


« 
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discuss the preparation of rock foundations, including the areas upstree 
and downstream and out into the abutments adjacent to the limits ot the 
superimposed structure, as far as the loading, seepage, or scour criteria: 
may require. Mr. I. B. Crosby (pp. 869-890) discusses the geological | 
problems involved in the economical construction of safe dams. Mr. I. L. 
Tyler (pp. 891-907) reviews the progress in concrete manufacture and} 
control as applied to dams, and discusses future developments. Mr. B. W t 
Steele (pp. 908-943) deals with construction joints, which he defines ass 
formed or unformed horizontal, vertical, or inclined surfaces between: 
masses of concrete deposited at different times. 


Model-Tests of a Bridge-Pier supported on Long Steel Piles. T. F 
Comper, jun., and J. M. Coan, jun. (*Proc. Amer. Soc. Civ. Engrs., 
1033-1052 ; June 1940)—The Authors describe tests made on a me del 
of a proposed deep-water bridge pier. The model conformed to the 
prototype except for the neglect of the restraining action of the foundatio: 1 
material. The results obtained for five conditions of loading, including ; 
direct load, wind load, ice, and combination loading, are tabulated. 


H. J. Encen (*Engng. News-Rec., 125, 22-24; 4 July 1940)—Widening 0 

the Atchafalaya river for flood-control necessitated lengthening of the: 
Missouri Pacific railway-bridge at Klotz Springs, La. For this purpo 
two of the existing 300-foot simple truss spans were separated by 720 feet 
of new steelwork in the form of twin cantilevers having a common anchor | 
arm. The 300-foot spans were hung from the ends of the new cantilevers. | 


with the simultaneous rolling in of an equal length of new cantilever stee 
work—all without interruption to railway traffic. : 


Vertical-Lift Bridge at Cleveland, Ohio. W.P. Brown (*Civ. Engng., 


a 225-foot vertical-lift span was built. During the reconstruction 
order to provide for the heavy road and river traffic, a by-pass was arrang dd, 
including a pontoon swing bridge. The Author describes the design and 
construction of the foundations, which consisted of cylindrical steel pier 
sunk to hard shale about 175 feet below the level of the bridge-floor 
filled with concrete. The vertical-lift span is a through-riveted Warr 
type truss of twelve panels, 217 feet between centres of bearing. Its d 
ranges from 28 feet at the ends to 39 feet at the centre. The trusses are 
46 feet apart centre to centre. The operation of the lift span and the 
precautions adopted to ensure safety are described in detail. 


«ft 
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Tests on Concrete Beams reinforced with High-Tensile Steel and 
Mild Steel. G. Kazrnozy (*Concrete Constr. Engng., 35, 223-231 ; May 
_ 1940).—The object of the tests described was to ascertain whether high- 
_ tensile steel may be used at its full permissible stress in ordinary-grade 
‘concrete. At first the load was gradually increased. When two-thirds 
of the expected ultimate load was reached the load was removed, and was 
then applied again. Near the ultimate load, and after it was reached, 
_ the load was increased so that the beam was bent uniformly. Measure- 
_ ments were made after every #5 inch of deflexion, and thus it was possible 
to observe the phenomena in the neighbourhood of failure. The tesults 
obtained are tabulated and plotted in curves. The Author concludes 
_ that there is no ground for restricting the use of high-tensile steel according 


the impact resistance of various quantities of reinforcing steel of different 
grades. The tests were made first with a hammer weighing 560 Ib., 
and later with a hammer weighing 2,040 lb. The procedure was similar 
in both series of tests. A light blow—2 inches with the light hammer, or 
q inch with the heavy hammer—was sufficient to cause the concrete to 
- crack. A greater blow would have seriously overstressed the steel. The 
— results are tabulated, and the Author draws the following conclusions : 
(1) even small quantities of reinforcement may provide a good protection 
against failure from shock ; (2) the factor of safety against rupture of the 
~ reinforcement is very high; (3) the effect of yield in the supporting 
~ members in buildings, and the cushioning effect of tires and springs on 

bridges will give an even greater degree of safety; (4) rail-steel and 
other “ brittle” steel reinforcement is quite as resistant to impact as 1s 
structural steel reinforcement. 


Reconstruction of the Pigeon House Electricity Generating Station, 
Dublin. P. G. Murpny (*Zrans. Instn. Civ. Engrs., Ireland, 66, 142— 
169; M ay 1 940).—The Pigeon House power-station was first put into com- 
mission in 1903 with generating plant totalling 3,000 kilowatts. Ex- 
tensions and replacements were made periodically up to 1929, when the 
‘total installed capacity amounted to 21,000 kilowatts. The new recon~ 
uction, completed early in 1940, provided for an ultimate installed 
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capacity of 100,000 kilowatts. The Author describes the work of reco: 
struction and the new plant, and indicates how the problems involved | 
reconstructing a comparatively small power-station to one of five times if 
output have been solved, utilizing the existing site, buildings, and pla: 
facilities to the greatest possible extent. 


The Security of Vertical Jetties. Larras (*Sct. et Ind. (Travaux), 
24, 109-114; Apr. 1940).—The Author states that tests on models and on | 
actual structures since 1932 at Algiers enable an appreciation to be made : 
of the risks run by vertical jetties in consequence of errors made in com — 
puting the violence of storms, and of the extent to which such risks can be 
humanly avoided. He discusses the errors which may arise in the evalua- 
tion of the characteristic elements of waves, the risks of catastrophe which . 
result therefrom for vertical jetties, and the precautions which should be ~ 
taken to reduce these risks to the minimum. 


The Bayonne Terminal, Port of New York. M. Garsaup (*Ciw, 
Engng., N.Y.,10, 425-428 ; July 1940)—The Author describes the design — 
and construction of an ocean terminal of the quay type, which projects — 
about 2 miles out from the New Jersey shore at Bayonne into the Upper 
Bay. The special problems involved included the dredging and filling of © 
8 million cubic yards of material, the construction of a bulkhead about 
9,300 feet in length around the working area, and the construction of a 


feet. The bulkhead was of the relieving platform type and in order to 
provide for railway tracks and future crane equipment the design was_ 


per square foot. The total cost of the terminal was $4,050,000. 


The Source of Water derived from Wells. C. V. Tue1s (*Civ. Engng., 
N.Y., 10, 277-280 ; May 1940).—The Author discusses the factors which — 
control the response of water-bearing strata to development by wells, in 
view of the increasing use of subsoil water for industrial and municipal — 
purposes, and for irrigation. These factors include (1) the distance to, — 
and the character of, the recharge; (2) the distance to the locality of 
~ natural discharge ; (3) the character of the cone of depression in the water- 

bearing strata. He emphasizes the following points :—(a) all water dis-— 
charged by wells is balanced by a loss of water elsewhere ; (b) too great a 
concentration of pumping in any area should be discouraged. Finally he 
enumerates the factors governing the development of water-bearing strata 
from the point of view of the maximum utilization of the supply available. 


Permissible Composition and Concentration of Irrigation Water. 
W. P. Kewiey (Proc. Amer. Soc. Civ. Engrs., 66, 607-613 ; Apr. 1940) .— 
The Author asserts that the permissible salt-content of irrigation water is 


7? 
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limited by variables inherent in the soil, by the climatic conditions, and 
_ by the nature of the crops grown. Saline irrigation water must be applied 
_ in quantities in excess of the crop requirements, in order that some leaching 
of the root zone may take place :: therefore the maintenance of good 
"drainage of the soil is very important. Salts, whether native to the soil 
_ or applied in the irrigation water, cannot be removed effectively unless 
_ water can percolate through the soil, and this cannot be accomplished 
_ adequately if the ground-water is near the surface. 


Fractionated Coagulation. R. A. TRELLEs, D. J. BENGOLEA, and 
A. G. Poccarp (*J. Amer. Waterw. Ass., 32, 742-750; May 1940).— 
Fractionated coagulation consists of adding the total dose of coagulant to 
_ water in two doses, with an interval between them, and employing either 
- aluminium salts only, or using them for the first dose and iron salts for the 
second. The Authors describe experiments made upon the Rio Plata 
supply for the city of Buenos Aires, and present the results obtained. 
They conclude that fractionated coagulation offers the following advant- 
ages :—(1) improvement in quality of the settled water; (2) use of iron 
salts; (3) more rapid decantation ; (4) saving of coagulant. 


_ Influence of the Rugosity of Pipes and of their Age upon the Hydraulic 
Delivery.» Roger Marsiev (*Ann. Ponts Chauss., 109-11, 331-396 ; 
~ Oct. 1939).—The Author discusses the character of the flow in a circular 
a pipe and the practical effect of the nature and condition of the pipe-wall. 
He reviews the theoretical laws and empirical formulas of flow, and makes 
~ a survey of American studies of the influence of the age of a pipe upon the 
>: flow through it. Finally, he discusses methods of lining pipes and their 
influence upon cost and amortization. He concludes that rugosity in- 
creases with age and states that the yield may be halved, whilst the 
~ resistance or the loss of head may be tripled or quadrupled. This rugosity 
" introduces an element of uncertainty into pipe calculations and imposes 
_ the adoption of high margins of safety. With rare exceptions, empirical 


- formulas take no precise account of the effects of age. Recent methodical 
ee have shown that these effects are often underestimated. 
Only pipes with smooth walls can be calculated with precision for the 
- duration of their service. This advantage is rendered possible by the use 
i of modern linings, which increase the hydraulic delivery and often enable 
economics to be realized immediately which are in excess of the cost 


~ entailed. 


MECHANICAL ENGINEERING. 


The Circulation of Water and Steam in Water-Tube Boilers, and the 
Rational Simplification of Boiler Design. W. Y. Lewis and SARS 
Rosertson (*J. & Proc. Instn. Mech. Engrs., 143, 147-175 ; June 1940) — 


ee 


_ the Author discusses the protection of the auxiliary onuipmonteaia 
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The Authors discuss the nature of the change from water to steam, dis 
the flow in the simple U-tube boiler, and consider the features of va: 
departures from the standard U-tube met witn in practice. They descri 
an improved form of tube, which permits simplification of boiler de 
whilst presenting the advantages of good circulation, high gas-s 
and high heat-transmission rates. Further simplifications and impr 
ments are described, which enable substantial reductions to be made in t 
cost of manufacture, installation, and maintenance of boilers of any’ 
pressure and capacity, for service on land or sea. 


A Study of Heat-Insulation Problems in Steam Power Plants. E. T. 
Corr and W. F. Kinney (*Mech. Engng., N.Y., 62, 465-470 ; June 1940). . 
—The Authors discuss the insulation of furnace-walls, ducts, and fan 
housings, piping and accessories, and steam turbines, and present the 
following conclusions drawn from a comprehensive survey of heat insulation 
for turbines, made recently by the Detroit Edison Company :—(a) im 
sulating pads, composed of a textile jacket enclosing a loose filler, appear 
to be the most desirable form of insulation for turbines ; (4) for bea - 
tures up to 1,050° F. preference is accorded to a glass-fabric pad with glas 
wool filler; (c) 50° F. appears to be a reasonable temperature-difference 
between the outside surface of the insulation and the ambient air; (a) in- 
sulation should be considered for the exposed surface of the admission-val ve 
stem guides on multiple-admission-valve type turbines; (e) in any type — 
of insulation in which the lacing wire is looped around lugs on the turbine | 
casing, heat-resisting wire should be used on those portions of the turbine- 
casing where the temperature exceeds 850° F.; wire made from 18-8 
stainless steel has proved satisfactory. 


; 
¥ 
| 
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Power-Supply for Central-Station Auxiliaries. D. B. Rray (*J.S. Af 
Insin. Engrs., 38, 350-369; May 1940)—The Author presents a sum | 
marized description of the systems of auxiliary supply mainly adopted ir 
modern practice, and describes the methods used in the various pore’ 
stations of the Victoria Falls and Transvaal Power Company, L 
Operating results are given for these stations, and comparisons are ma 
between the older and the newer stations, in order to illustrate the dev 
ment of auxiliary power-supply over a period of about 30 years. Fins 


rators, ite, and motors. 


Anthracite Duff for Power Generation. (*Power & Works Eng grey 
35, 191-197 ; Aug. 1940.)—An account is given of the reorganization of e 
power- supply system for a group of collieries in South Wales, and 
construction of a central power-station. The boiler plant—three w ies 
tube boilers, each evaporating 25,000-30,000 lb. per hour at 160 Ib. ] 
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eS 
square inch and 550° F.—is fired entirely by anthracite duff, utilizing an 
ingenious arrangement of the combustion-chamber and compartment type 
chain-grate stokers. The generating plant is described in detail. The 
equipment also includes a large-scale application of mercury-are rectifiers, 
enabling each colliery to obtain its appropriate supply from a common 
]ternating-current source. 


wm 

% An Investigation of the High-Speed Producer-Gas Engine. M. W. 
Woons (*Engineer, Lond., 169, 448-450 ; 468-469 ; 17 and 24 May, 1940). 
—The Author presents the results of a series of experiments, comprising 
ngine tests on charcoal producer gas at a number of compression-ratios, 
anging from 4-91: 1 to 15-7: 1, made with the object of analysing the 
behaviour of producer gas in a high-speed engine. The results are tabu- 
lated and plotted in curves, and from them the Author draws the following 
‘conclusions :—(1) the producer-gas engine may be run at compression- 
atios of up to at least 16 : 1 without detonation or pre-ignition ; (2) with 
he point of ignition set for maximum power, cylinder-pressures become 
xcessive when the compression-ratio exceeds 15:1; (3) at all com- 
ression-ratios maximum power is attained with a mixture 2 per cent. 
“weaker than the theoretically correct mixture; (4) owing to the sharply- 
“peaked nature of the power/mixture-strength curve, precise control of 
“mixture-strength is necessary if maximum power is to be developed. In 
two Appendixes the Author discusses the effect of dissociation upon the 
combustion of producer gas—air mixtures, and the power output of a petrol 


“engine running on producer gas. 


Experiments on Jerk-Pump Ignition. K. J. DeJunasz (*Bull. 
Penna. State Coll. Engng. Expt. Stn., No. 51, 50 pp.; 8 Apr. 1940).—The 
“object of the tests described was to study the influence of pipes of various 
nd diameters, enclosed volumes, and included masses, upon the 


concludes that the timing (beginning, end, duration) of injection approxi- 
mates to the pump delivery the more closely (a) the shorter the pipe ; 
the smaller the pipe-diameter ; (¢) the lighter the nozzle-moving parts ; 
the smaller the enclosed volume; (¢) the larger the nozzle orifice ; 

(f) the lower the valve-opening pressure. In an Appendix he presents a 
rvey of experimental methods for injection research. A bibliography of 


references is also included. 


Some Effects of Variable Excitation’on Synchronous Motor Oscil- _ 
tion. J. G. Barry (*J. Franklin Inst., 229, 491-511; Apr. 1940).—_ 
experiments described were made with a differential analyser, to study 
rotor oscillations resulting from sudden application of mechanical 
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load to a synchronous motor connected to an infinite bus, and the damp ql 
effect of variations in field excitation. It was found that the magnitud d 
and duration of the oscillations could be decreased considerably by w 
the proper type of excitation variation. 


so far as these are affected by the electrical equipment. He reviews thai 
development of motor-coach trains since 1894 and gives details of the 
various types of equipment adopted. The principal characteristics of 
motor-coaches in service on lines in Great Britain, in Europe, in India, mm 
Australia, and in North and South America are tabulated. 


70-foot Locomotive Turntable for the London Midland and | 
Railway. (*Engineering, Lond., 149, 621-622; 28 June, 1940.)—T 


up to a total weight of 175 tons. It is of the non-balanced or articulated| 
type, the girder on which the rails are carried being provided with a flexibl 

joint, so that it can adapt itself to the load in whatever position th aK 
locomotive may be. The rotation of the turntable is effected by the« 
locomotive itself, by the creation of a vacuum on the “ exhaust” side of ani 


effort on the part of the engine crew, in less than 2 minutes. 


Oxygen Cutting of Steel: Part Il—Oxygen Cutting Procedu: 
W. Spraracen and G, E. CLaussen (*J. Amer. Weld. Soc., 19 (Weld. 
Suppl.), 161-208 ; May 1940).—The first part of this review of the litera-- 
ture of the subject published up to 1 January, 1939, was dealt with in} 
Enena. Ass. (Mech.), 2, No. 360 (Sept. 1939).—The second part deals with 
the cutting procedure, oxygen nozzles, preheating fuels, theories of cutti ng, 
and applications of the processes. A bibliography containing 333 refer- 
ences is included, and various research problems are suggested. 


_ Hard Facing—a Process for the Mechanical Engineer, E. E. Lz Van 
(*Mech. Hngng., N.Y., 62, 459-464 ; June 1940).—Essentially, hard facing 
consists of welding on to wearing parts a coating, edge, or point of a hard 
metal, usually a special alloy possessing high wear-resistance qualit 
The Author states that hard-faced parts will outwear plain or unfa 
parts from two to twenty-five times, depending upon the type of ha: 
facing alloy and the service to which the part is subjected. He discusses. 
the requirements and types of the materials required for hard-facing, the 
preparation of the surfaces to be faced, and the welding methods em- 
ployed, and describes various applications to tools, coal-mining, railways, 
power plants, oil-production plants, and internal-combustion engines, 
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_ The Creep Phenomenon in Ropes and Cords. C. G. Lurrs and 
D. Himmerars (*Preprint No. 105, Amer. Soc. Test. Mat., 5 sages ; 
1940).—Tests were made in which }-inch diameter cotton ropes and $-inch 
diameter manila ropes were loaded under tensile stresses ranging from 41 
to 89 per cent. of the breaking strengths of the ropes. The periods of time 
required for the ropes to break under these static tensions ranged from 
several minutes at the maximum tension to several hundred hours at the 
minimum. When first loaded the ropes stretched rapidly, but as the 
period of tension increased the rate of stretch decreased ; approximately 
90 per cent. of the total stretch occurred in the same period of time as 
the last 10 per cent. The Authors conclude that under tension creep 
continues in a rope until a limiting elongation, represented by the normal 
ongation at the breaking-point, is reached ; this limiting range appears 
to be constant regardless of the tension in the rope. 


Wire Rope for Construction. (*Hngng. News-Rec. 124, 734-740; 
23 May 1940.)—Emphasis is laid upon the importance of proper selection 
‘and use of wire rope, and the necessity for rope users to familiarize them- 
‘selves with the various types, qualities, and grades now available. Several 
types are illustrated, and the grades of steel used are enumerated. The 
manufacture of wire rope is described in detail. Stresses, factors of safety, 
and selection problems are discussed. 


4 The Friction of Lubricated Metals. F. P. Bowpen and L. Lesen 
(*Phil. Trans. Roy. Soc., A, 939, 1-27; 27 June, 1940).—The Authors 
present an analysis of the kinetic friction between metals sliding under 
‘conditions of boundary lubrication. From an investigation of the frictional 
pehaviour of metallic surfaces covered with successive monolayers of 
lubricant, they conclude that for effective lubrication it is necessary to 
have present a layer of lubricant several molecules thick, and that boundary 
Jubrication cannot be regarded as a purely surface phenomenon. They 
‘develop a theory to explain boundary lubrication, and state that even with 
Jubricated surfaces the local pressures in the region of contact are very 
high, so that the lubricant film between the surfaces is partly broken down. 


‘The frictional behaviour of boundary-lubricated surfaces is largely governed 


ey the extent to which the lubricant film breaks down during sliding. 
Some Experiments on Seizure between Lubricated Hard Steel Balls. 
D. Cuavron (*J. Inst. Petroleum, 26, 256-271; May 1940).—In the tests 
escribed, for which the four-ball apparatus was used, the standard. con- 
- were varied by altering the speed, increasing the load, interrupting 
t he seizure by removing the load, and varying the rigidity of the chuck 
mounting. The results are plotted in curves, and are compared with — 
‘those obtained by other investigators. 7 


Nt 


, ar 
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The Lubrication of Steam-Turbine-Driven Electric Generators 
F. J. Cowxin (*Proc. Instn. Mech. Engrs., 143, 83-100 ; May 1940).- 
Author reviews the problems involved, and describes the methods ad 
to ensure effective lubrication, including various types of oil-pumps, tes: 
results for which are plotted in curves. He outlines the development : 
modern oil-cooling apparatus and describes a series of tests thereon 
reproducing curves showing the relation between heat-transmission 
and oil- and water-velocities. He also discusses the properties of lubricants‘ 
factors influencing their deterioration, and methods of purification. 


MINING ENGINEERING. 


Falls in Bord-and-Pillar Workings. (*Trans. Instn. Min. Engrs 
99, 97-111 ; June 1940.)—The sixth progress report of the North of Ei: 
land Safety in Mines Research Committee describes the results of in 
gations into the causes of falls in bord-and-pillar broken workings, w 
3 September 1939. The problems dealt with include the nature of 
roof loads ; the effects of working in adjacent seams ; loading conditi 
in broken workings; the proportion of coal left in whole pillars; the 
conservation of the strength of pillars during extraction ; the use of stone 
packs in the goaf; the effect of the direction of the face line in individu 
lifts ; and roof support in pillar extraction. The results are considered ta 
be of value in suggesting methods of minimizing the roof pressure im 
broken workings, and thus effecting economies in supporting the roof. 


Coal-Cutting with Mechanical Gummers. H. W. Smiru and G. 
GuLuick (*Trans. Instn. Min. Engrs., 99, 53-72 ; May 1940) —The Aut. 
discuss the use of mechanical gummers and present practical results’ 
derived from experience. They enumerate the advantages of the de 
and describe in detail various types of gummer and their operation. 
discuss the effect of the use of the gummer with various widths and di 
of kerf and present detailed operating results. In an Appendix de 
tions are given of tests made with and without mechanical gummers 
to coal-cutters, and also of experiments on dust and gas-emission. 
results of the latter tests are tabulated in detail. 


Note.—The Institution as a body is not responsible either 
the statements made, or for the opinions expressed, in the P 
and Abstracts published. ; 
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NOTICES 


a No. 8, 1939—40 
OCTOBER, 1940. 


MEETINGS, SESSION 1940-41. 


tee ORAS ey 
AY SF 


OPENING MEETING. 
The first meeting of the One Hundred and Twenty-Second Session of 
The Institution will take place on Tuesday, 5 November, at 1.30 p.m., 
when Sir Leopold H. Savile, K.C.B., will deliver his PRESIDENTIAL ADDRESS. 


i 
ee 


ORDINARY MEETINGS. 


Arrangements have been made for the following subjects to be brought 
orward in the first part of the session, on the dates shown below :— 
1940. 


1.30 p.m.) 
Noy. 19. The Dugald Clerk Lecture. ‘‘ Methods of Excavation Work at Home 


and Abroad,’’ by William Barnes, M.I.Mech.E. 


Dec. 17. ‘‘ Mohammad Aly Barrages,’’ by A. G. Vaughan-Lee, M. Inst. C.E. 
(Light refreshments will be served at 12.45 p.m.) 


SPECIAL ANNOUNCEMENTS. 
MILITARY SERVICE. 

ARMY OFFICERS’ EMERGENCY RESERVE. 
| The War Office has informed The Institution that applications for 
“registration in the above-mentioned Reserve are now particularly invited 
~ from Corporate Members who are over 31 and not more than 45 years of 
age, with a view to accepted applicants being subsequently granted 
ae Commissions in the Corps of Royal Engineers. This require- 


‘ment is therefore brought to the notice of those members who are free and 
- feel disposed to offer their services. 
Particulars of the Abridged Conditions of Service, etc., in regard to 
the Army Officers’ Emergency Reserve may be obtained on application to 
e Secretary of The Institution. 
Members who wish to apply for registration should forward their 
names to the Secretary, who will transmit them to the War Office, in order 
at a copy of the appropriate form of application (Form E. 5644) may be 
nt. Completed applications should be returned to The Institution, in — 
order that certificates verifying membership may be attached and the — 
applications then transmitted to the War Office. EL 
Corporate Members over 45 and under 55 years of age may also apply 
registration, but the prospect of employment cannot yet be foreseen. 


[2] 

SPECIAL ENLISTMENT IN THE ROYAL ENGINEERS. 

The War Office has notified The Institution that Associate Members 
and Students of The Institution who are over 23 and under 31 years of 
age are now eligible for special enlistment in Training Units for the Royal: 
Engineers. In this way they will have special consideration, when they 
join their Unit, and so have a better chance of obtaining Commissions | 
the Corps of Royal Engineers than would otherwise be the case. It must: 
be emphasized that the War Office will do no more than arrange for their: 
enlistment and joining and can give no guarantee that such recruits willl 
go subsequently into an Officer Cadet Training Unit, since this must depend 


- 


entirely upon satisfactory recommendation from their CommandingOfficers; | 
but it provides an opportunity of which some Associate Members and 
Students who are not already serving in H.M. Forces may wish to take’ 
advantage. Forms of application may be obtained from the Secretary; 


of The Institution. 


NATIONAL SERVICE (ARMED FORCES) ACT, 1939. 
Students of The Institution who are 20 years of age and who are liable 
for Service under the National Service (Armed Forces) Act, 1939, mus 7 
register at a Local Employment Exchange when their age-group is called, 
and may obtain from the Secretary a form of certificate indicating their 
connexion with The Institution, which, upon production to the Interviewing 
Officers when their age-groups are called, will, it is anticipated, assist them 
in being posted to the ranks of the Corps of Royal Engineers or to a technical | 
unit in which their qualifications can be employed. 


AIR MINISTRY. 

ROYAL AIR FORCE VOLUNTEER RESERVE. f 
The attention of members of The Institution is directed to the fact 
that the Royal Air Force requires a number of technical officers for employ- 
ment on engineering and armament duties. Commissions in the Roya 
Air Force Volunteer Reserve will be granted for the duration of hostilities | 
to suitable applicants between the ages of 21 and 50 years possessing the 
requisite personal and technical qualifications. The following are the 
minimum qualifications :— 

Engineer. 


(i) Holders of Mechanical Engineering Degrees, or Civil Engineer- 
ing Degrees if combined with theoretical knowledge of 
heat-engines. 

(ii) Holders of Mechanical Engineering Certificates, or members of - 
Engineering Institutes who also have 2 years’ practical ex- 
perience. A 


(ili) Practical mechanical engineers who have served an apprentices hip 
followed by a number of years’ experience in erecting or over- 
hauling internal-combustion engines or aeroplane structures, 


and with knowledge of the properties of engineering materials, 


aS 
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Armament. 

(i) Holders of Engineering Degrees or Engineering Certificates, or 
members of Engineering Institutes with at least 2 years’ 
practical experience, particularly those with experience in 
armament manufacture. 

(ii) Practical engineers who have served an apprenticeship followed 
by a number of years of practical engineering experience and 
with knowledge of the properties of engineering materials. 

[Students and Corporate Members of The Institution who are desirous 
of offering themselves as applicants for Commissions as Engineer Officers — 
are requested to note that, according to information received from the 
Air Ministry, the standard of theoretical heat-engine knowledge re- 
quired of degree men approaches degree standard and that practical 
men are required to have expert practical knowledge of internal-com- 
pbustion engines: as regards knowledge of the properties and testing of 
engineering materials, this is not expected to be of metallurgical 
_ standard. | 
a The appropriate form of application (No. 1020), and notes on conditions 
- of service, may be obtained from the Secretary of The Institution or from 
- the Air Ministry, 8.7.e/5., Adastral House, Kingsway, W.C.2. 

Z The Secretary will be pleased to furnish certificates of membership of 
The Institution for attachment to applications. 


4 MINISTRY OF LABOUR. 
4 SCHEDULE OF RESERVED OCCUPATIONS. 
' The following entry appears in the Ministry of Labour’s Schedule of 


_ Reserved Occupations :— 

Student engineering apprentice or learner—reserved at and above 
the age of 18 years. 

This entry relates only to a man employed in industry or under 
articles to a professional engineer who produces a certificate from a 
university or technical institution or from a professional Institution of 
Engineers to show that he is within two years of the satisfactory com- 
pletion of a course of study with a view to offering himself for the first 
time for :— 

(i) an Engineering Degree ; 

(ii) an Engineering Higher National Certificate ; 

(iii) The Associate Membership Examination of the Institutions of 
Civil, Mechanical or Electrical Engineers, or the Associate 
Fellowship of the Royal Aeronautical Society ; 
_ (iv) An engineering examination of similar standing to those in (1), 
(ii) and (ili) above, e.g. Associate Membership Examinations 
of the Institutions of Marine, Mining and Structural Engi- 
neers, Testamur examination of the Institution of. 
Municipal & County Engineers, Higher Grade Certificate in 


a __ Gas Engineering. 


_ maintained, from which communications issued by The Institution might 
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applies to Students who are studying with a view to passing Sections A — 
and B of the Associate Membership Examination within a period of 2 years, — 
and who obtain from the Secretary of The Institution certificates to this — 


Exchange when they register in their age-groups under the National 
Service (Armed Forces) Act, 1939. 
Before a Student is furnished with a certificate, he must send to the 
Secretary full details of his present occupation, state the dates when he — 
proposes to sit for Sections A and B of the Associate Membership Examina- | 
tion, and satisfy the Secretary in regard to the steps he is taking to prepare 
himself to sit for such examination. 


A Corporate Member who is normally engaged in civil engineering, — 
must register at a Local Employment Exchange when his age-group is 


with the Ministry of Labour’s “ Schedule of Reserved Occupations.” } 
He should obtain beforehand from the Secretary of The Institution a 
certificate of membership, for production to the Registration Officer. 


GENERAL ANNOUNCEMENTS. 


THE JOURNAL, 

This Number of the Journal completes Session 1939-40. Members 
are informed that, owing to restriction in the use of paper and other 
conditions affecting printing, future issues of the Journal will contain not — 


more than eighty pages. The next Number will be published on the 
15th November. 


CHANGES OF ADDRESS. 

Owing to the number of changes of address incidental to service with 
H.M. Forces, it is not practicable to register such addresses in the List of 
Members. It is therefore suggested that a home (private) address be 


be re-directed. If, however, this is impracticable, The Institution may, 


in special circumstances, arrange for the dispatch of the Journal as issued 
_ to a service address. 


SERVICE IN THE FORCES. 


For office purposes, a record is being kept of members’ service wit b 
H.M. Forces, and members who have not already done so are asked to 


inform the Secretary of such service, i.e, unit, rank, promotions, decora- 
tions, etc, _¥ 


EVACUATION OF CHILDREN OVERSEAS. 
During the summer The Institution has been in touch with the 
Engineering Institute of Canada in regard to a generous offer, sponsored, 
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_by that body, to arrange for the children of members of the Institutions of 
Civil, Mechanical and Electrical Engineers who were being sent to Canada 
under the Government’s Children’s Overseas Reception Scheme to be 
_ received into the homes of Canadian engineers. The offer was gratefully 
_ accepted on behalf of the home Institutions, but, owing to the curtailment 
_ of the original Government scheme, it has not been possible to take full 
advantage of the proffered hospitality. The Canadian engineers have 
since extended their offer to include children whose parents were able to 
make private arrangements for their transportation to Canada. 

_ Any members who contemplate sending their children to Canada for 
_ the period of the war, either under the Government scheme or privately, 
_ and who have no relatives or friends in that country to whom to send them, 
_ should communicate with the Secretary. Inst. C.E. for further information, 
- without delay. 

: A similar offer has also been received from the Institution of Engineers, 
- Australia, should means of transport be available, and the Australian 
"Institution is ascertaining from its members the number of children for 
_ whom provision could be made. A further announcement will be made 
_ when additional particulars are received from the Australian Institution. 


EXAMINATIONS. 

After the October, 1940, Examination, the Preliminary Examination 
will be replaced by the Common Preliminary Examination, which will be 
conducted by the Engineering Joint Examination Board. 

The conditions of entry for this Examination and the latest dates for 
entry will be the same as for the Preliminary Examination which it replaces. 
_ Further information may be obtained on application to the Secretary. 
5 The following dates have been fixed for the Examinations to be held 
© in 1941. 

e Common Preliminary Examination. Associate Membership Examination. 
‘April the Ist to the 4th, inclusive. April the 21st to the 25th, inclusive. 
October the 7th to the 10th, inclusive. October the 13th to the 17th, inclusive. 

The April, 1941, Examinations will be held in London and the Provinces. 
‘Intending candidates are reminded that applications to attend should 
reach the Secretary’s hands by the 28th February and that Students of 
The Institution entering for the Associate Membership Examination are 


~ recommended to lodge their applications a fortnight before that date. 
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c.c. LINDSAY CIVIL ENGINEERING SCHOLARSHIPS. 
3 Regulations for the award of these Scholarships, sanctioned by the 

Board of Education, may be obtained on application to the Secretary of 
the Glasgow and District Association (Mr. William MacGregor, B.&c., 
Engineering Department, The University, Glasgow, W.2). Eligibility 
1 the award of these Scholarships, which are each of the value of not:less- 
‘than £25 per annum, is confined to Students of The Institution who are~ 
"members of the Glasgow and District Association of The Institution and 
who are British subjects of Scottish parentage. 


= 
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HONORARY MEMBERS. 
The Council, being of opinion that it is not in the interest of The»: 
Institution that the present King of Italy and the present King of t 
Belgians should remain Honorary Members, acting under the provisions : 
of the Royal Charter, have ordered the removal of these names from the + 
Institution Roll. . 


AWARDS FOR PAPERS. 


A list of the awards made by the Council for Papers presented in 1 
Session 1939-40 appears at pp. 478 and 479, post. 


CHARLES HAWKSLEY PRIZE. 

On the report of the judges, the Council has awarded a Charles 
Hawksley Prize of £150 for 1940 to William Eugene Blackmore, Stud. 
Inst. C.E., of Colchester, for his design of a water tower. 
Having regard to the merit displayed by Arthur Richard Collins, M.Se., 
Assoc. M. Inst. C.E., and by James Kenneth McIntyre, Stud. Inst. C.E., | 
in their designs of a traffic roundabout and underground garage, t. 
Council has decided that they be ‘“ honourably mentioned,” and th 
grants of £30 and £20 respectively be awarded to them in recognition 
their good work, on the understanding, however, that these latter gra 
do not entitle the recipients to call themselves “Charles Hawksley 
Prizemen.”’ 
In view of the large numbers of Students and younger Associate 
Members who are expected to be serving with H.M. Forces, the Council — 
has decided not to hold a competition for the award of the Charles Hawksley 
Prize in 1941. 


BAYLISS PRIZE. | 

On the results of the April, 1940, Associate Membership Examination ] 

(Sections A and B) at home and abroad, the Council have awarded a | 
Bayliss Prize of £15 to each of the following Students of The Institution, 


Alfred Donald Alsop of Cheadle, Cheshire, | 
and 
Sekaripuram Ramaswamy Krishnaswamy Iyer of Colombo, Ceylon, 


_ whose performances in the examination were of equal merit and whe o- 
_ obtained the highest marks of those candidates who fulfil the oth 4 
conditions for the award of the Bayliss Prize. | 


INDEX TO JOURNAL, 


For the convenience of members and others who bind the eight numb rs 
of the Journal in volumes, an extra copy of the combined index for 
eight numbers will be supplied with the two binding cases, in addi 


the index which appears in this Number for binding in the last volum 
the year. 
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BINDING CASES FOR THE JOURNAL. 


Members are reminded that binding cases for the eight numbers of the 
_ Journal (November, 1939, to October, 1940) for Session 1939-40 will be 
available soon after the issue of this Number. Details of charges, etc., 
will be found in the “ Notices ” Section of the November, 1939, Journal. 


THE LONDON SOCIETY. 


-. The Council have appointed Sir George W. Humphreys, K.B.E. 
_ (Past-President), as representative of The Institution on the Council of 
the London Society, in succession to the late Mr. T. H. Bailey. 


UTILIZATION OF OLD TRACING LINEN. 


The Women’s Volunteer Service Headquarters point out that old linen 
drawings and tracings can easily be utilized for the making of all kinds 
_ of articles such as surgical war stores, where the use of fine linen is 
_ necessary, and request that all available tracing linen should be collected 
' for use. 

4 Tt is asked that old tracings, etc., should be addressed to Mr. F. R. 
~ Yerbury, Director, The Building Centre, 158 New Bond Street, London, 


. 
/ Wii. 


TRANSFERS, ELECTIONS, AND ADMISSIONS. 
Since the 7th May, 1940, the following elections have taken place : 


Meeting. Associate Members. 
11 June. 83 


neil have transferred twelve Associate 


and during the same period the Cou 
and have admitted one hundred and 


_ Members to the class of Members, 
fifty-nine Students. 


DEATHS AND RESIGNATIONS. 


‘The Council have received, with regret, intimation of the following 
deaths and resignations :— 
4 DEATHS. 
:. Tomson, Sir Joseph John, O.M., D.Se., LL.D., F.B.S. (E. 1924.) Honorary Member. 
_ AnpERsoN, George. (E. 1880.) Member. 
Anstey, Engr.-Comdr. Henry Charles, O.B.E., B.N. (ret.) 
-(B. 1905.  T. 1908.) 

 Basrie, John Taylor. (E. 1894. T. 1907.) A 

Beare, Professor Sir Thomas Hudson, LL.D., B.A., B.Sce., F.R.S.E. = 


_—((E. 1885. T. 1893.) 

- Bopy, John Benjamin. (E. 1892. T. 1901.) 
J ELL, Frederick William. (E. 1886. T. 1916.) figs 
xg, Albert Havelock. (E. 1884. T. 1893.) 
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Fervxiy, Leonard George. (E. 1900. T. 1916.) Member. 
Garrns, Robert Wylie. (E. 1908. T. 1928.) re 
GRAHAM, William Vaux. (EK. 1896.) ae 
Hamer, William Henry. (E. 1895. T. 1905.) re 
JENKIN, Professor Charles Frewen, C.B.E., LL.D., M.A., F.B.S. 

(EK. 1891. T. 1909.) ” 
McCuurn, Hugh Hannay. (EK. 1902.) be 
Macponaxp, Arthur Cameron, D.S.0. (E. 1902. T. 1916.) i 
Massey, William Henry, M.V.O. (E. 1888.) & 
Nicnotson, Walter Sery. (E. 1881. T. 1908.) 
SHARROCE, Francis Gilbert. (E. 1906.) a 
SrpBERiInG, George Thomas. (KE. 1887. T. 1896.) <a 
Srxzs, Robert Cherry, B.A., B.E. (E. 1902. T. 1905.) os 
Tuomas, John Frederick Ivor, O.B.E. (E. 1896. T. 1918.) ry 
WessteR, Henry, B.A.I. (E. 1892. T. 1894.) 5 
AneueseA, William George. (E. 1910.) Associate Member, — 
Barratt, Samuel Harry Hill. (E. 1894.) x z 
Bazaz, Ganesh Dass, B.Sc. (E. 1920.) . = 
BLacKaDDER, Professor William, D.Sc. (E. 1907.) a “ 


Curry, William Elmitt. (E. 1883.) 

*DupLry, Kenneth Dening, B.Sc. (E. 1939.) 

Gray, David, B.E. (E. 1934.) 

*Hazs, Casper Henry. (E. 1928.) 
*Havinanp, Richard Haviland, B.Sc. (E. 1940.) 
*HaxE.L, Charles Ivan. (E. 1938.) 

Mottoy, Frederico George, B.Sc. (E. 1927.) 

Prroy, Norman Crook. (E. 1908.) 

Porrsovus, Norman, D.8.0., M.C. (E. 1908.) 

Pownatt, John. (E. 1894.) 

SanpEmay, Harold Fitzroy, B.Sc. (E. 1933.) 

Smirx, William Alfred. (E. 1920.) 

Trvmins, Arthur. (E. 1889.) 

Tones, John Henry. (E. 1897.) 

*VENABLES-LLEWELYN, George William Dillwyn. (E. 1937.) 

Warren, Charles Henry. (E. 1915.) 

WuirTeneap, Cecil. (E. 1938.) 

Wricut-Noorn, Rodney George, M.C. (E. 1916.) .- 
*Hyert, David Ross. (A. 1939.) Student. 
*Jamus, Geoffrey Halsted. (A. 1937.) 
*Loneworts, William Booth. (A. 1937.) 


* Killed on active service. 


RESIGNATIONS. ; 
ABELL, Sir Westcott Stile, K.B.E., M.Eng. (E. 1915.) Member. 
Tuomas, Herbert Percival, B.Sc. (E. 1934.) ” 
Bake, George Robertson. (E. 1897.) Associate Member. 


Brewer, Robert Wellesley Antony. (E. 1901.) 
Burpert, Henry Leatham, 0.B.E. (E. 1925.) 
Burizr, David Butler. (E. 1895.) 

Burier, Matthew Arnold. (E. 1924.) 

Darwin, Errol Raffael Henry, B.Sc. (E. 1923.) 
Ferauson, Andrew Bainbridge, (E, 1911.) 


” 90 0G 


” ” 
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Sreirox, Sydney Herbert, B.Sc. (E. 1904.) Associate Member 
Srusss, Herbert Edward Crampton. (EK. 1899.) af ” 
~ Taytor, Thomas Harold. (KE. 1908.) is Se 
5 Ware, Charles Coburn, B.C.E. (E. 1922.) # rs 
~ Wonuam, Frederick William. (EH. 1916.) - 53 


Braver, Hugh Eyre Campbell. (E. 1932.)—elected Member. Associate. 
_ Eaves, Wilfrid George. (A. 1938.) Student. 
Bg HONOURS. 


The Council have much pleasure in congratulating the following 


BE. 
Humpnreys, Col. Cecil Lee Howard, T.D., R. Signals. Member of Council. 


«For distinguished services in the field.” 


D.S.O. 
Kennepy, Lt.-Col. John Ross, B.Sc., R.E. Associate Member. 
«¥or gallant and distinguished services in action in connexion with recent 
operations.” 


ny 


| M.C. 

~ Corrs, 2nd Lieut. (Acting Lt.) J ohn Jerome, R. Signals. Student. 
4 “ This officer found himself at La Panne on the beach without any proper 
ES signals staff. He, however, not only ran a corps signal office for some time, 
E using dispatch riders and orderlies, without a relief, but personally found and 
i laid cables with his own hands under, shell fire and bombing. He was con- 
a sistently cool in a situation of great difficulty and set a fine example to the 
e men under him.” 

q Husparp, Lieut. Bruce Lancelot Fortescue, B.Sc., R.E. Student. 
5 “ For meritorious service in connexion with the War.” 


Smarn, Lieut. David Arthur, R.E. Student. 
“This officer was in charge of three detachments of The Royal Monmouth- 
shire Royal Engineers, who throughout the period carried out invaluable work 
to delay the enemy’s advance. They never failed to accomplish any task 
which they were set. On May ll and 12 he ensured the demolition of bridges 
over the River Ghette which had been prepared by the Belgian Army. On May 
14, in spite of enemy bombing, he completed the destruction of bridges over 
- the River Dendre, north of Louvain. At Ypres on May 26, in spite of con- 
tinuous shelling and bombing, working day and night with a handful of men, he 
prepared and fired demolitions in front of the Menin Gate. He yet again made 
the demolitions a certainty over the River Yser and without his immediate 
aid many bridges, important to the enemy, would have remained intact.” 


LOCAL ASSOCIATIONS. 


orth-Western Association. 


| ssociation be deferred for the time being. Z 


The Committee has decided that meetings of the North-Western — 
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RECENT ADDITIONS TO THE LIBRARY. 


[Journals, Proceedings of Societies, etc., are not included.] 


AERIAL PHOTOGRAPHY. See SURVEYING. 


Arro-Encines. CAULFIELD, O. ‘“ Aero-Engines for Pilots and Ground Enginee 
1940. Pitman. 5s. 


—— Juper, A.W. ‘“ Aircraft Engines.” Vol. 1. 1940. Chapman & Hall. 
Arrorarr. Crook, W. E. ‘“ Electricity in Aircraft.” 1940. Pitman. 5s. 


—— Wysrow, 8. G. “Electrical and Wireless Equipment of Aircraft.” 4th ed.| 
1940. Pitman. 5s. : 


Arr-Drerence. Muintstry or Home Security. ‘‘ Choice and Adaptation of Shelters ‘ 
in Houses.” 1940. 3d. 


“* Protection of Windows.” A.R.P. Memo. No. 12. 1940. H.M.S. ») , 


4d. 


— ‘** Fire Protection and A.R.P. Year Book, 1940-41.” 1940. Loma 
Erskine. 7s. 6d. 


AUTOMOBILE EncINES. Everett, H. A., and Ketter, G.H. ‘‘ Service Performa 
of 8 Lubricating Oils in Automobile Engines.” Eng. Exp. Stn. Bulletin No. 
Pennsylvania State College. 1940. 50 cents. ; 

BrograpHy. Hauktvy, D. ‘‘ Vauban: Builder of Fortresses.” 1924. Bles. 6s. 

Bomers. Watuis, R. P. ‘‘ High Pressure and Forced Circulation Boilers.” 1: 
Electrical Power Engineers’ Association, 102 St. George’s Square, S.W.1. 1s. 

See also CHEMISTRY. 

Bumwpine Mareriats. See FIRE AND FIRE PREVENTION. A} 

CuEmistRY. Francis, W. ‘ Boiler House and Power Station Chemistry.” 1940. . 
Arnold. 15s. : | 

Cuimneys. Taytor, C. P., and Turner, L. ‘“ Reinforced Concrete Chimneys.” 
1940. Concrete Publications. 8s. 6d. 

Compressep Arr. AMERICAN Society oF MecHANICAL ENGINEERS. “ Safety Co 
for Compressed-Air Machinery and Equipment.” 1939. The Society. 30 cent 

Dampness. Dawes, 8. B. ‘‘ Dampness in Domestic Buildings.” 1939. Technic q 
Press. 2s. 6d. 

Divine. Etusperc, E. “Men under the Sea.” 1940. Harrap. 12s. 6d. 


Economics. Burnuam, T. H. ‘‘ Engineering Economics, Book II.” 5th e 
1940. Pitman. 10s. 6d. 
— Fay,C.R. ‘“ English Economic History, mainly since 1700.” 1940. Heffer 
5s. 7 


ExxcrricaL-Macuinery. Butt, H. 8. ‘Direct Current Machinery.” +1936 | 
Chapman and Hall. 15s. 


pegs Apmrratty. ‘‘ Naval Electrical Manual, Vol. 1.” 1940. HLM. 
8. ° 


Exvxcrricitry-Distrinution. Brcoxert, C. 8S. “Generation and ‘Troseniall 
1940. Blackie. 5s. e 


~ Pas aire F. “ Electric Distribution Fundamentals.” 1940. McGray 
_ 17s. 6d. 


Execrronics. Atprrt, A. L. ‘‘ Fundamental Electronics and Vacuum Tub 
1938. Macmillan Co. 20s. a 
_Emoutstons, See Or, Emvutstons: Roaps AND STREETS. “e 


Erosion. Lirrin,J.M. ‘‘ Erosional Topography and Erosion.” 1940. A. C 
& Co., San Francisco. 
See also Sorts, wa 
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Free anv Fire Prevention. “ Fire Protection and A.R.P. Year Book, 1940-41,” 
1940. Lomax, Erskine. ‘7s. 6d. 

—— Fostrer, H. D. ‘A Study of the Fire Resistance of Building Materials.” 

a 1940. Ohio State University, Eng. Exp. Stn. Bulletin. No. 104. 60 cents. 

_ Founprizs. Larne, J., and Rotrr, R.T. ‘ Non-Ferrous Foundry Practice.” 1940. 

ie Chapman and Hall. 2le. 

Gases. Kernnarp, E. H. ‘Kinetic Theory of Gases.” 1938. McGraw-Hill. 33s. 

Gxromerry. Assorr,W. ‘‘ Practical Geometry and Engineering Graphics.” 3rd ed. 

; 1939. Blackie. 11s. 

-Horstine Macutnery. ATHERTON, W.H. “ Hoisting Machinery.” 1940. Techni- 

cal Press. 32s. 6d. 

“Horotoey. Hopsz-Jonus, F. “Electrical Timekeeping.” 1940. N.A.G. Press. 

; 10s. 6d. 

-Hypro-Etzorric Power Srarions. Creiiin, EH. A. “ Hydro-electric Power 
Stations.” 1935. International Textbook Co. 8s. 

InpustriaL Reports. Newson, J. R. “ Writing the Technical Report.” 1940. 

McGraw-Hill. $2.50. 

RavrenstRavon, W. “Industrial Surveys and Reports. 1940, Chapman 

_ and Hall. = 16s. 3d. 

- Kowemarics. See MACHINERY. 

“Law anp LEGISLATION. CRESWELL, W. T., and Greta, N. P. “ Law relating to 
Building and Engineering Contracts.” 3rded. 1940. Pitman. 16s. 

—— Sapuer, W.C. “ Legal Aspects of Engineering.” 1940. Chapman and Hall. 
26s. 

. Luprication. See AUTOMOBILE ENGINES. 

“Macutnery. Brown & Suarpz Mra. Co. “The B. & S. Handbook. A Guide for 

; young Machinists.” 1939. Buck and Hickman. 75 cents. 

2 Convin, F. H., and Srantzy, F. A. ‘ American Machinists’ Handbook. 

7th ed. 1940. McGraw-Hill. 26s. 

-__ Srmzps, W. ‘“‘ Mechanism and the Kinematics of Machines.” 1940. Chap. 

'manand Hall. 18s. 

—— Tourrin, W. A. “‘ Vibration in Machinery.” 1940. Pitman. 7s. 6d. 

-Marerits. Raver, L. F. “ Materials of Construction.” 5th ed. 1939. Chap- 

- manand Hall. 24s. 

| Matuemarios. KArmAy, T. V.and Biot,M. A. “ Mathematical Methods in Engineer- 

ing.” 1940. McGraw-Hill. 26s. 

_— Warren, A. G. “Mathematics applied to Electrical Engineering.” 1939. 

McGraw-Hill. 17s. 6d. 

Merauturey. Heyer, R. H. ‘‘ Engineering Physical Metallurgy.” 1940. Chap- 

 manand Hall. 25s. 


Bitivas. Arcutrecturr. Rosssit, H. E., and Cuapman, L. B. “ Principles of Naval 
Architecture.” 2 vols. 1939. American Society of Naval Engineers. 12 . 


dollars. 

Emustons. Sura, G. B. “Preventing and Treating Crude-Oil Emulsions.” 

1939, U.S. Bur. Mines Bulletin 417. Supt. of Documents, Washington. 60 cents. 

Om-SHaLe. Instrrurs or Perroznum. “Oil-Shale and Cannel Coal. Proceedings 

of Conference, 1938.” 1938. The Institute. 30s. ; 

PILES AND Pruinc. Britisn Steen PILINe Co. ‘The B.S.P. Handbook.” 5th ed. _. 
1940. The Company. No price. a 
ER Stations. See CHEMISTRY. — oot 
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Ratways. Parmenen, J. H. “The Modern Railway.” 1940. Longmans, Green. ? 
25s. : 
—— “Railway Engineering and Maintenance Cyclopedia.” 4th ed. 1939. . 
Aine, ee 5 os 


1940. Directory Publishing Co. 20s. 
Report-Writinc. See INDUSTRIAL REPORTS. \ 
Roaps AND Streets. Garner, F. H., and others. “Modern Road Emulsions.” ’ 

2nd ed. 1939. 11 Bow Church Yard, E.C.4. 10s. 
—— Roads and Road Engineering ‘“‘ Year Book and Directory, 1940-41.” 1940. | 

Carriers Publishing Co. 10s. 6d. | 
Sanrration. Hoprxtys, E. S., Ed. ‘‘ Elements of Sanitation” 1940. Chapman | 

and Hall. 21s. ‘ 
Suerr-Mrrau. Dyer, H. J. ‘“‘ How to Work Sheet Metal.” 1940. P. Marsha = 

2s 6d. 4 
__ Neupxoxer, W. “Sheet-Metal Work.” 1939. American Technical Society, | 

Chicago. 165s. 
Sues. Brrrish CorporaTION REGISTER OF SHIPPING AND Arrorarr. “‘ Rules for 

the Construction and Classification of Steel Ships and their Machinery.” i939, 

Glasgow. 165s. 
— Tazzor-Booru, L.C.,#d. ‘‘Merchant Ships, 1940.” Sampson, Low. 52s. 6d, 
Soms. Brnnert, H. H. ‘Soil Conservation.” 1939. McGraw-Hill. 40s. 
Sounp. FrrzMavurion, R., and Aten, W. “Sound Transmission in Buildings.’ 

1939. H.M.S.O. 4s. 
Srret. Smons, E. N., and Grecory, E. “ Steel Manufacture Simply Explained.” 

1940. Pitman. 6s. 
SrrenerH or Matrrrtats. Morury, A. “Strength of Materials.” 9th ed. 1940. | 

Longmans, Green. 15s. ; 
Surveying. Harr,C. A. “ Air Photography applied to Surveying.” 1940. Lo: 

mans, Green. 25s. 

TroHNIcAL Rurorts. See INpusTRIAL REPORTS. 
TrLEvision. Moszey, 8. A., and Barton-CuapriE, H. J. ‘‘ Television.” 5th ed. | 

1940. Pitman. 10s. 6d. ; ; 
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_ Injection Systems,” E. Giffen and A. W. Rowe, 13, 170 (Dec.); ‘‘ Recent Develop- 
ments in High-Speed Oil-Engines,” S. J. Davies, 18, 171 (Dec.); ‘“‘ The Efficient. 
Burning of Fuel in High-Speed Oil Engines, with Particular Reference to a Clean 
Exhaust,” A. T. Wilford, 18, 171 (Dec.); ‘‘ Experiments with Doped Fuel for 
_ High-Speed Diesel Engines,” J. J. Broeze and J. O. Hinze, 13, 171 (Dec.) ; “‘ Diesel 
Engines for a Rural Water-Supply,” 13, 171 (Dec.); ‘The Theory of Flexible 
Mountings for Internal-Combustion Engines,” C. E. Iliffe, 13, 262 (Jan.) ; ‘‘ Develop- 
ment of the Kadenacy Principle,” 13, 262 (Jan.); “‘ A 1,500-r.p.m., 200-kilowatt. 
‘House’ Diesel Generating Set,” 18, 262 (Jan.); “ Piston and Piston-Ring Tem- 
peratures,” P. V. Keyser, jun., and E. F. Miller, 13, 361 (Feb.); ‘‘ Cooling on the 
Front of an Air-Cooled Engine Cylinder in a Conventional Engine Cowling,” M. J. 
Brevoort and U. T. Joyner, 14, 121 (Mar.) ; “¢ Influence of the Pressure and the 
Explosion-Speed upon the Mechanical Fatigue of an Internal-Combustion Engine,” 
0. Durouchouse, R. Marchal, and F. Risler, 14, 121 (Mar.); “‘ Running Gear for 
Diesel Engines,” 14, 121 (Mar.); “‘ The Manufacture and Assembly of High-Speed 
Diesel Engines,” 14, 122 (Mar.) ; “ Researches on the Introduction of Aqueous 
Vapour into the Cylinders of Internal-Combustion Engines,” C. de Gregoris, 14, 
256 (Apr.); ‘‘ The Kadenacy Engine,” 14, 256 (Apr.); “ Experiments on Jerk 
Pump Ignition,” K. J. DeJuhasz, 14, 607 (Oct.); ‘‘ An Investigation of the High- 
. Speed Producer-Gas Engine,” M. W. Woods, 14, 607 (Oct.). 
KS. See also Air-Raid Protection ; Power-Stations ; Lubrication ; Springs. 
Irrigation —“‘ Permissible Composition and Concentration of Irrigation Water,” 
_ W. P. Kelley, 14, 604 (Oct.). 
_ —— See also Canals. 


_ James Alfred Ewing Medal, Presentation of the, 14, 447 (Oct.). 
James Forrest Lecture, The. See Materials. 

4 Jetties.—‘‘ The Security of Vertical Jetties,” Larras, 14, 604 (Oct.). 
4 Joists. See Beams. 


 Lagoons.—‘ Sealing the Lagoon Lining at Treasure Island (San Francisco Bay) with 
 Salt,”? C. H. Lee, 14, 251 (Apr.). 

_ Lamps, safety. See Mining. 
- Lathes. See Machine Tools. 

~ Locomotives. See Railways and Rail Transport ; Welding. 

Luprication.— Service Tests with Lubricants for High-Speed Oil Engines,” A. T. 

_-~Wilford, 18, 80 (Nov.); “ Rolling-Stock Bearings and Lubrication Problems,” 
7 R. G. Case, 13, 264 (Jan.) ; ‘The Behaviour of Various Engine and Gear Lubricants 
4 in Seizure Tests,” D. Clayton, 18, 365 (Feb.); ‘‘ The Static Friction of Lubricated 
: Surfaces,” A. Fogg and 8. A. Hunwicks, 44, 260 (Apr.) ; ‘‘ The Influence of Various 
Lubricants upon the Seizure Characteristics of Hard Steel and Bronze,” D. Clayton, 

44, 261 (Apr.); “‘ The Lubrication of Steam-Turbine-Driven Electric Generators,” 
+ #. J. Cowlin, 14, 610 (Oct.) ; “‘ Some Experiments on Seizure between Lubricated 
Hard Steel Balls,’ D. Clayton, 14, 609 (Oct.) ; ‘The Friction of Lubricated Metals,” 
_ F. P. Bowden and L. Leben, 14, 609 (Oct.). 


_ MAcHINE Toors.—‘‘ Flame Hardening of Large Lathe Parts,” 18, 363 (Feb.); 
- **Blectrical Equipment on Machine-Tools,’ P. B. Graves, 14, 124 (Mar.) ; 
- “Individual and Automatic Electrical Drive of Machine-Tools,” L. Besnard, 14, 
259 (Apr.). GO: 
’ ee Exrcrricat.—‘ Effects of Temperature upon the Mechanical Per- 
formance of Rotating Electrical Machinery,” C. Lynn, 13, 263 (Jan.) ; ‘* Hlectronic 
Voltage and Speed Control of Alternators,’ J. H. Piddington, 14,122 (Mar-) ; 


/ 


(xiv) COMBINED SUBJECT-INDEX. : =~ 
‘Operating Experience with High-Voltage Alternators,” W. D. Horsley, 14, 405 
June). ; 
ie See Measurement. 
Mapping. See Surveying. : 
MarertaLs. James Forrest Lecture.—‘* New Materials for Old,’? E. V. Appleton, 
14, 448 (Oct). 
MrasuREMENT.—‘ Telemetering of Steam and Electricity at Indianapolis,” T. W 
Ayton, 13, 80 (Nov.) ; ‘““ Measurements of Pressures on Underground Rock Columns,” 
13, 266 (Jan.); ‘‘ Determining the Particle-Sizes of Dust-Separator Products by 
Means of a New Photo-Electric Method,” K. Gésele, 13, 269 (Jan.) ; “‘ The Therma 
Manometer, a New Device for Recording Low Absolute Pressures,” R. S. Vincent 
and A. Simms, 13, 365 (Feb.); ‘‘ Measurement of Fluids with Orifice and Flow- 
Nozzle,” H. Escher, 14, 115 (Mar.); ‘‘ The Quadrature and Quadraflux Tacho- 
meters,” E. B. Brown, 14, 261 (Apr.) ; ‘‘ Remote Supervisory Control on the Wirral 
Railway,” 14, 261 (Apr.); ‘‘ Compressed-Air and Water-Meter Testing Plants of 
the Central Mining—Rand Mines Group on the Witwatersrand,” D. B. McLaren, — 
14, 408 (June). 
Medals and Premiums awarded, Session 1938-39, 13, 88 (Dec.); Session 1939-40, 14 
478 (Oct.). 
Members, election of, 13, 181 (Jan.); 272 (Feb.); 14, 156 (Apr.); 300 (June); 411 
October). yo ; 
phe ‘transfer to the Class of, 13, 86 (Dec.); 18, 179 (Jan.); 271 (Feb.); 14, 
155 (Apr.) ; 299 (June) ; 469 (Oct.). ; 
Mineralogy.—‘‘ The Mineralogy and Treatment of Auriferous Rocks of the Black” 
Reef Series from the New Mechavic Mine, South Africa, J. J. Frankel, 13, 269 
(Jan.). q 
ee Fires and Ventilation.—‘ Ignition of Firedamp by Explosives,” B. Lewis 
and G. von Elbe, 18, 83 (Nov.) ; ‘‘ Notes on Methods of Detection and Dealing with 
‘ Heatings’ and Fires in Coal-Mines,” E. B. Park, 13, 83 (Nov.); ‘‘ Illumination 
and Dust Problems under Modern Conditions of Mining,” J. 1. Graham, 18, 83 (Nov.) ; 
‘Methods of Rock-Dusting American Coal-Mines,” J. J. Forbes, 13, 83 (Nov.) ; 
**The Detection of Gob Fires,” T. N. Mason and F. V. Tideswell, 18, 177 (Dec.) ; 
‘* Chemical Considerations relating to Fires in Anthracite Refuse,” G. W. Jones and 
G. 8. Scott, 18, 177 (Dec.) ; *‘ Recent Research by the U.S. Bureau of Mines on the 
Ignition of Firedamp by Explosives,” 8. L. Gerhard, J. C. Holtz, and W. J. Huff, 
18, 178 (Dec.) ; ‘‘ Investigation of Electrical Equipment, Safety-Lamps, and Gas- 
Detectors for Safety,” L. C. Isley, 13, 269 (Jan.); ‘‘ The Underground Fire at the 
Consolidation Colliery in 1938,” F. Luyken, 18, 267 (Jan.) ; ‘‘ Combating Mine Fires 
in the Ruhr District,’ E. Bredenbruch, 13, 368 (Feb.); ‘‘ The Formation of In- 
jurious Gases on Firing Explosives,” A. G. Suvoroff, 14, 126 (Mar.); ‘‘ Borehole 
Temperatures in the Transvaal and Orange Free State,” L. J. Krige, 14, 126 (Mar.) ; 
‘* Dust Suppression at Holditch Colliery,” J. Walker, L. Whitfield, and W. 
Evans, 14, 409 (June); ‘‘ Firedamp ; its Occurrence in Mines and Possible Uti 
tion,” J. I. Graham, 14, 127 (Mar.); “‘ The Determination of the Firedamp-Con‘ 
in Mine Air,” T. D. Jones and W. L. Gyles, 14, 127 (Mar.); ‘* Occurrence ¢ 
Prevention of Mine Fires caused by Spontaneous Ignition of the Coal,” P. Cabo! 
14, 264 (Apr.). 
Loading and Conveying.—‘‘ Trackless Haulage for Mechanical Mining,” J 
Fletcher, 18, 177 (Dec.); ‘‘ Mechanical Loading at the Union Pacific Coal-¥ 
Wyoming,” C. A. Nolph, 18, 267 (Jan.); ‘* Backstays for Use in Mines,” W. A. 
Johnson and P, G. Taigel, 14, 265 (Apr.). ary 
Methods of Working.—‘‘ Methods of Support at Machine-Cut Longwall Fa 
18, 80 (Nov.) ; “‘ Roof Control,” W. H. Bellin, 13, 81 (Nov.) ; ‘‘ Arching at the ] 
of Synclines due to Mining Operations,” D. B. Kampers, 18, 176 (Dec.) ; “* Fl 
Steel Supports for Cross Roads and Junctions,’ M. Bartholome, 18, 176 ( 
“The Rock-Burst Problem,” R. G. K. Morrison, 18, 176 (Dec.); ‘‘ Collapsi 


ita 


in Witbank Coal-Mines, Transvaal,” 13, 266 (Jan.) ; ‘‘ Rock Bursts in the 
Lake Area,” J. D. Christian, 18, 366 (Feb.); ‘‘ The Control of Mine Roa: 
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D. W. Phillips, 13, 366 (Feb.); “‘ Pneumatic Picks in the Blackshale Seam,” 18, 
366 (Feb.) ; ‘‘ Roof Behaviour on Machine-Cut Coal-Faces,” 18, 367 (Feb.); “ The 
Use of Timber Substitutes in Mines,” T. E. B. Young and W. H. Sansom, 14, 125 
(Mar.); ‘‘ Longwall Working with Induced. Breakdown of the Roof along Rows of 
Steel Props in Seams of Low Inclination,’ W. Maevert, 14, 261 (Apr.);_“* Experi- 
ments on the Strength of Small Pillars in the Pittsburgh Bed,” H. P. Greenwald, 
H. C. Howarth, and I. Hartmann, 14, 262 (Apr.); ‘“‘ Mine Supports during War 
Time,” A. M. Bryan, M. A. Hogan, and J. S. Riba, 14, 408 (June); ‘‘ The Intro- 
duction and the Use of Steel Roof Supports at the Working-Face,” J. F. Carr, 14, 
408 (June) ; ‘“‘ Hydraulic Stowage on a Small Scale,” George Dott, 14, 408 (June) ; 
* Coal Cutting with Mechanical Gummers,” H. W. Smith and G. M. Gullick, 14, 
610 (Oct.) ; ‘‘ Falls in Bord-and-Pillar Workings,” 14, 610 (Oct.). 

See also Blasting ; Coal; Collieries ; Concrete ; Conveyors ; Drills ; Explosives ; 
Gas-Masks; Hoists; Measurement; Ores; Power and Power Transmission ; 
Pumps; Railways and Rail Transport ; Ropes ; Shaft-sinking ; Tunnels; Ventila- 
tion ; Winding Machinery. 

Morors, Exvrcrric.—‘‘ Determination of Temperature-Rise of Induction Motors,”’ 
E. R. Summers, 13, 172 (Dec.); C. P. Potter, 13, 172 (Dec.) ; ‘* Capacitor-Motors 
for Single-Phase Systems,” 14, 406 (June); “‘ Some Effects of Variable Excitation 
on Synchronous Motor Oscillation,” J. G. Barry, 14, 607 (Oct.). 

See also Machinery, electrical; Quarrying. 


Opiruary.—tT. H. Bailey, 18, 165 (Dec.) ; Rustat Blake, 14, 599 (Oct.); C. J. Brown, 
14, 245 (Apr.) ; Col. R. E. B. Crompton, 14, 245 (Apr.) ; J. V. Davies, 18, 352 (Feb.) ; 
Prof. S. M. Dixon, 14, 599 (Oct.); H. J. Fereday, 13, 353 (Feb.); G. J. Griffiths, 
14, 247 (Apr.); Summers Hunter, 14, 248 (Apr.); Sir John Rumney Nicholson, 
144, 249 (Apr.) ; Engineer Vice-Admiral Sir Henry Oram, 13, 165 (Dec.) ; J. C. Smith, 
13, 354 (Feb.); Dr. J. H. T. Tudsbery, 18, 71 (Nov.); W. B. Worthington, 13, 355 
(Feb.). : 

Oil-engines. See Internal-combustion Engines. 

Orns.— Interpretation of Leached Outcrops,”’ R. Blanchard, 13, 81 (Nov.); ‘* The 
Preparation of Upper-Silesian Complex Lead-Zine-Sulphur Ores,” H. Glatzel, 13, 
81 (Nov.); ‘‘ Ore Reserves,” J. H. Fennell, 18, 270 (Jan.); ‘‘ Mining and Milling 
Tin-Tungsten Ore at the Mawchi Mine, Burma,” J. E. Denyer and K. C. G. Heath, 
14, 263 (Apr.); ‘‘ Extraction of Lead from Zine Concentrates at the Pend Oreille 

Mines, Washington,” C. A. R. Lambly and F. R. Milliken, 14, 410 (June). 

_ —— See also Mineralogy. 

Original Communications, Additional, received between 1 September, 1939, and 3 
August, 1940, 14, 597 (Oct.). < 


Photography, aerial. See Surveying. 

Piers, bridge. See Foundations. 

Piles. See Docks and Harbours ; Foundations. 

_ Prens.—* Pipe Flanges,” H. J. Tapsell, 18, 175 (Dec.) ; “ Graphical Analysis of Pipe 
_ Stresses,”’ O. J. Baggerud and K. W. Jernstrom, 13, 175 (Dec.); “* The Selection 
and Application of High-Temperature Piping Material,” E. H. Krieg and G. Sonder- 


‘and R. Veimo, 14, 119 (Mar.); “ Arterial Water-Mains with Reference to the 
- Liffey Supply Scheme,” D. K. Ryan, 14, 255 (Apr.); ‘‘ Jacking a 72-inch Culvert 
_ Pipe under an Outfall Sewer,” Ralph Shepherd, 14, 399 (June) ; ‘‘ Influence of the 


man, 13, 263 (Jan.) ; ‘“‘ Stresses and Strains in a Special Type of Metallic Sheath,” 
Rugosity of Pipes and of their Age upon the Hydraulic Delivery,” Roger Mathieu, 
14, 605 (Oct.). ; 


a 

: 

a A, Dumas, 18, 360 (Feb.); ‘‘ The Action of Water upon Copper Pipes,” L. Tronstad 
; See also Hydraulics ; Hydro-Electric Plants ; Water-Supply ; Welding. 

Pistons. See Internal-Combustion Engines. 

 Plates.—‘‘ Stress Functions for a Plate containing Groups of Circular Holes,” R. C. J. 
Howland and R. C. Knight, 18, 356 (Feb.). ee 
-Poles.—‘‘ The Conservation of Timber Poles, and their Re-impregnation,” J. Reyval,~ 


14, 403 (June). # 
Ports. See Docks and Harbours. , 
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Powzr anp Powrr-TraNsmission.—‘‘ A New High-Capacity Air Circuit-B: 
L. R. Ludwig and G. G. Grissinger, 13, 78 (Nov.); ‘‘ Low-Voltage Distrib: 
Systems for Industrial Plants,’ A. G. Darling, 13, 173 (Dec.); ‘‘ Quick-ac 
Release Latches for Circuit-Breakers,’” C. Thumim, 13, 264 (Jan.) ; ** Exces: 
Heating in Motor Leads,” C. H. S. Tupholme, 13, 369 (Feb.) ; ‘‘ Control and Auto: 
matic Protective Devices for Electrical Power Underground,” F. Kesselring, 13 
369 (Feb.); ‘‘ Double-Screen Protection for Trailing Cables : Elimination of O 
Sparking,” 14, 127 (Mar.); ‘‘ High-Capacity ° Hydro-Blast ”’ Circuit-Breaker 
Central Station Service,” W. F. Skeats and W. R. Saylor, 14, 257 (Apr.) ; Use 0: 
Electrical Power in Refuse-Reclamation,” 14, 406 (June). 

See also Quarrying ; Railways and Rail Transport. 

PowrEr-Stations.—‘* Emergency Power Plant for the New Westminster Hospital,” 
18, 77 (Nov.); °C. C. Perry,” Indianopolis, 18, 80 (Nov.); “‘ The Design 
Operation of Hams Hall Power-Station,” F. W. Lawton, 13, 171 (Dec.) ;~ °° Thee 
Mechanical Installation of the New Geothermic Power-Station at Larderello, — 
Tuscany,” 13, 172 (Dec.) ; ‘‘ The Ottawa Street Power-Station, Lansing, Michigan,” 
13, 262 (Jan.); ‘‘ Load Pick-up of Stand-by Steam Power-Stations,” F. G. Philo, 
14, 120 (Mar.); ‘‘ Underground Bomb-Proof Stand-by Power-Station at Berne,” 
E. Baumann, 14, 121 (Mar.); ‘‘ Regenerative Feed-Heating in Industrial Powe: 
Plants,” A. F. Webber, 14, 404 (June); ‘‘ Reconstruction of the Pigeon House 
Electricity Generating Station, Dublin,” P. G. Murphy, 14, 603 (Oct.); “* Power 
Supply for Central Station Auxiliaries,” D. B. Reay, 14, 606 (Oct.); “A Study 
of Heat-Insulation Problems in Steam Power Plants,” E. T. Cope and W. F, 
Kinney, 14, 606 (Oct.). : 

See also Condensers ; Hydro-Electric Plants; Turbines; Internal-Combustion 
Engines. - | 

Pressure-Vessels.—‘‘ The Fabrication of Large-Diameter Pressure-Vessels,” J. F. 
Bechtle, 14, 260 (Apr.). : 

Production Engineering.—‘‘ Production Research in its Application to the Machine 
Shop of a Dockyard,” G. Schlesinger, 13, 175 (Dec.). 

Professional conduct. See Engineering Profession. 

Pumrs.—‘ Pumping against a 3,304-Foot Head in a Single Lift,” E. E. Slack, 13, 
268 (Jan.); ‘‘ Mine Pumping of Acid Water,” W. Robertson, 14, 263 (Apr.). 

Pumping-Stations. See Internal-combustion Engines. 


Quarries.—‘‘ Granite Quarrying: Electrical Methods at Penmaenmawr, North 
Wales, 14, 128 (Mar.). 
Quays. See Docks and Harbours. 


Ratways anp Raw Transport. General.‘ Flood-Prevention on the London 


Tube Railways,” 18, 167 (Dec.); ‘‘ The Arkalon Cut-off on the Chicago, Rock 
Island and Pacific Railway, 14, 253 (Apr.). 
Electrification.—** The Development of London’s Underground Railway Systen 
with Particular Reference to the Northern Electrification,’? E. W. Cuthbert (Address 
as Chairman of the Association of London Students), 18, 63 (Nov.). 
me (De Stn Electrified Lines of the London and North Eastern Railway,” 13, 

e0.). . 

Locomotives (steam).—‘* Locomotive Hornblocks (with a Note on Frame Stresses 
13, 78 (Nov.); ‘“‘ New 4-8-4-Type Locomotives for the Union Pacific Railroad,’ 
173 (Dec.); ‘‘Steam-Locomotive Popper Valve Gear,” 18, 173 (Dec.); ‘* 
2-8-8-4-Type Locomotives for the Southern Pacific Lines,” 14, 122 (Mar.) ; 
Investigation into the Occurrence and Causes of Locomotive Tire Failures,” 
Newberry, 14, 257 (Apr.); ‘‘2-12-4-Type Locomotives for the Trans 
Railway, 14, 257 (Apr.) ; ““ New Beyer-Garratt Locomotives for the Bengal-) 
Railway,” 14, 257 (Apr.) ; ‘‘ Southern Pacific 4-8-8-2-Type Cab-ahead Locomo 
14, 258 (Apr.). ; 

Locomotives (oil-engined).— Oil-engined Locomotives for Gassy Mines,” 
(Nov.) ; ‘An American Diesel-Hydraulic Shunting Locomotive,” 18, 264 

Diesel-Electric Shunting Locomotives for the Chicago, Rock Island and 
Railroad,” 14, 122 (Mar.); ‘* Diesel-Electric Shunting Locomotives for Ame 
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Railways,” 14, 258 (Apr.); ‘‘ Diesel Locomotives for Heavy Gradients and Sharp 
Curves in Madagascar,” 14, 407 (June). 

Locomotives (electric).—‘‘ Electric Locomotives for the New Zealand Government 
Railways,” 13, 362 (Feb.); ‘‘550-Horse-power By-B,-Type Battery Shunting 
Locomotives for the London Passenger Transport Board,” 14, 123 (Mar.); “ Ex- 
perimental Electric Locomotive for High-Tension Single-Phase Electrification,” 14, 
123 (Mar.) ; ‘‘ Express Electric Locomotives for South America,” 14, 258 (Apr.). 

Rolling Stock.—‘‘ Derailments of Four-Wheeled Stock on the Northern Section 
of the Assam-Bengal Railway : Experiments on the Running and Lateral Oscillation 
of this Four-Wheeled Stock,’’ F. J. Salberg, 14, 235 (Apr.). 

“An Investigation of Wrought Steel Railway-Car Wheels,” T. J. Dolan and R. L. 
Brown, 18, 79 (Nov.); ‘‘ Railcar Air Resistance, 13, 362 (Feb.); ‘‘ New Great 
Western Railcars,” 13, 362 (Feb.); ‘‘ New Trains for the Liverpool—-Southport 
Electrified Line,” 14, 259 (Apr.); ‘‘ Dual-Power Railcars for the French N ational 
Railways, Garsonnin, 14, 407 (June); “* Electric Motor-Coach Trains,” H. J. 
Andrews, 14, 608 (Oct.). 

Stations.—** Notes on the Station-Lengthening at Shepherds Bush _ Station,’’ 
C. G. H. Filor, 13, 349 (Feb.). 

Prack.—* A Notable Gauge-Conversion in Germany,” 13, 76 (Nov.) ; “ Track- 
Recording Car on the Great Indian Peninsula Railway,” M. F. O. de Mellor, 13, 79 
(Nov.); ‘‘ Completion of Baker-Street—Finchley Road Loop (Bakerloo (Line), 
London,” 13, 358 (Feb.); ‘‘ Raising the Tracks of the Central Railroad of New Jersey 
to eliminate Level Crossings and Street Crossings at Elizabethport, N.J.,” 13, 359 
(Feb.); “‘ Application of Dimensional Analysis to Stresses in Railway Tracks,” 
V. M. Daniloff, 14, 118 (Mar.). 

See also Cranes ; Lubrication ; Measurement ; Signalling ; Tunnels ; Turntables ; 
Welding. 

Rainfall and Run-off.—‘ The Unit Hydrograph Principle applied to Small Water- 
sheds,” E. F. Brater, 13, 169 (Dec.). 

Ruszarcu.—‘ Committee on the Deterioration of Structures in Sea Water ; Summary 
of Experiments carried out by the Committee on the Deterioration of Structures of 
Timber, Metal, and Concrete exposed to the Action of Sea-Water,” 14, 383 (June) ; 

Institution Research Committee, The: Report from the Sub-Committee on 
Environment, 14, 392 (June). 

See also Coal; Internal-Combustion Engines ; Mining; Pipes; Production 
Engineering ; Soil-Mechanics ; Turbines, Steam-. 

Reservoirs.—‘‘ The Ladybower Reservoir, Derbyshire,” 13, 258 (Jan.). 

See also Tanks. 

_ Rrver-Trarsina.—* The Principles of River Training for Railway Bridges, and their 

Application to the Case of the Hardinge Bridge over the Lower Ganges at Sara,’”’ 

Sir Robert Gales. Author’s further reply to Correspondence, 18, 159 (Dec.). 

[For Paper, Discussion and Correspondence, see 10, 136 (Dec.) and 12, 279 (Oct.)]; 

4 <The Hydrology of the Yangtze River,’ Dr. Herbert Chatley, 14, 227 (Apr.); 

Correspondence, 14, 565 (Oct.) 

; “‘ Chicago River Control-Works,” H. P. Ramey, 14, 119 (Mar.). 

—— See also Coastal Works. 

Roaps.—** The Haifa-Baghdad Road,” Lt.-Col. Rawdon Briggs, 13, 195 (Jan.). 
Correspondence, 14, 500 (Oct.). : ' 

« British Road Development, and its Effect on Modern Practice,’’ J. G. Pidgeon, 

14, 55 (Mar.) 

‘* Coventry By-Pass Road,”’ E. H. Ford, 14, 238 (Apr.). 
The Engineer’s Part in the Promotion of Road Safety,” F¥. A. Rayfield, 14, 

267; Discussion, 278 (June) ; Correspondence, 14, 566 (Oct.). 

4 ‘Highway Transition-Curves: a New Basis for Design,’? H. A. Warren, 14, 

-  373{June); Correspondence, 579 (Oct.) 

-__ * Curve Design for Road Improvements,” J. W. L. Barker, 18, 347 (Feb.). 

 _— See also City Planning. : 5 : . on 

 Rolling-Mills.—‘‘ Modern Engineering as it affects Rolling-Mill Practice and Design, 
BE. T. Judge, 18, 362 (Feb-). 30% - 

- Rorus.—‘‘ An Investigation into the Permissible Load-Changing Capacity of Steel 

Wire Ropes for Hoisting, with Special Reference to Deep-Level Winding on the 

- ‘Witwatersrand Gold-Fields,” J. J. P. Dolan and W. G. Jackson, 18, 268 (Jan.) ; 


ee 
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Students, Admission of, 18, 86 (Dec.); 179 (Jan.); 271 (Feb.); 14, 155 (Apr.)s_ 
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‘« A Ship-Loading Ropeway,” 13, 364 (Feb.) ; “‘ Winding-Ropes,” H. Herbst, 13, 367 

(Feb.) ; ‘“‘ Wire Rope for Construction,” 14, 609 (Oct.) ; “* The Creep Phenomenon 

in Ropes and Cords,” C. G. Lutts and D. Himmelfarb, 14, 609 (Oct.). 
See also Wire. 


Sanitation. See Sewerage and Sewage Disposal. 

Scrutineers for Council Ballot, Appointment of, 14, 411 (Oct.). 

Sea-outfalls. See Hydraulics. 

Seismograph. See Surveying. 

SEWERAGE AND SEWAGE-DisposaL.—* Modern Sanitation in Great Britain,’? D. M 
Watson, 13, 125 (Dec.) ; 

‘“‘The Treatment of Septic-Tank Effluent from a Small Community by Means of 
an Enclosed Biological Filter at Bloemfontein, South Afriea,’” H. V. Davies. Author’s 
reply to Correspondence, 13, 155 (Dec.). [For Paper and Correspondence, see 10, 
55 (Nov. 1938) ; 12, 273 (Oct. 1939).] | 
‘©The Sewage-Disposal of Delhi,’’ J. A. R. Bromage, 14, 157; Discussion, 

185 (Apr.) ; Correspondence, 14, 552 (Oct.). 

See also Concrete ; Hydraulics. 

Suarrs.—‘‘ Shaft Sinking on the Delaware River Aqueduct,” 18, 74 (Nov.); ‘‘ The 
Maintenance of Inclination and Direction in Inclined Shafts,” J. E. Metcalfe and 
A. R. Jones, 14, 125 (Mar.); “* Shaft-Deepening at New Sharlston Colliery,” J. 8. 
Hayes, 14, 126 (Mar.). 

Shelters. See Air-Raid Protection. . i 

Sieves.—‘‘ A Study of Sieves for Coarse Aggregates,” A. H. D. Markwick, 14, 601 — 
(Oct.). 

eee Signalling on the Municipal Bridge at St. Louis, Mo,” 13, 359 (Feb.) ; 
“Remote Control of Facing Points at Running Loops on the French National _ 
Railways, Epinay,” 14, 254 (Apr.); ‘‘ Signalling Arrangements for Rail Traffic 
over a Swing-Bridge in Bengal,” M. A. Faruqui, 14, 254 (Apr.); ‘‘ A New System 
of Light Signals on the Canals of the Venetian Lagoon,” D. Alessi,” 14, 255 (Apr.). 

Sir Charles Parsons Memorial Lecture, The. See Turbines, steam-. 

Sir Charles Parsons Memorial Medal, 14, 447 (Oct.). 

Sluices. See Hydraulics. 

Soil_—“ Compaction of Soils by Explosives,” A. K. B. Lyman, 14, 400 (June). 

Soil-Mechanics.—Report on Soil-Mechanics Research, received from the Building 
Research Station, 14, 241 (Apr.). 

See also Earth-pressure. 

Springs.—‘‘ Springs for Large Diesel Engines,” C. E. Squire, 14, 256 (Apr.). 

Steam.—‘‘ Some Factors affecting the Form of Condensation of Steam,” C. L. Old, 
13, 361 (Feb.). P ? 

SrreNcTH or MaTeRtats.—‘ The Phenomenon of Rupture in Solids,” 18, 356 (Feb.) ; 
““ The Relationship between the Mechanical Properties of Materials and the Liability 
for Failure in Service,” L. W. Schuster, 18, 366 (Feb.). i 

Stresses. See Pipes; Plates. 

Structures. See Air-Raid Protection; Aero-hangars; Domes; Failures ; 
Framed Structures; Struts; Welding. a 

Struts.—“ The Strength of Struts having Ends Elastically Direction-Restrained,” — 
H. A. Warren, 13, 358 (Feb.). - 


299 (June); 469 (Oct.). 

Students’ Associations.—London. Address of the Chairman, 13, 63 (Nov.). 

Surveyine.—* A Mobile Seismic Recording Unit,” W. M. G. Murphy, 8. T. Cope 
and J. H. Jones, 18, 73 (Nov.); ‘‘ An Improved Method for Adjusting Level and 
Traverse Surveys,” C. Norris and J. L. Speert, 13, 167 (Dec.) ; ‘‘ Miniature Syste 
of First-order Alignment and Triangulation Control,” F. W. Hough, 14, 115 (Mar 
“A Projection Method of Mapping from Air Photographs,” H. G. Fourcade, 14, 
251 (Apr.); “‘ Surveying Dam Sites by Seismograph,” A. E. Wood, 14, 399 (June) 

Switchgear, electrical. See Power and Power-Transmission. 


Tachometers. See Measurement. 
Tanxs.—‘ New Balloon-Roof Petrol-Storage Tanks,” D. F. Baldwin, 13, 168 (Dec 


COMBINED SUBJECT-INDEX. (xix) 


“The Construction of Underground Petrol-Tanks,” 18, 259 (Jan.) ; “ Design of 

Slabs in Liquid-Containing Structures,” C. EB. Reynolds, 14, 252 (Apr.). 

See also Hydraulics. 

‘Towers. See Water-Supply. 
Town-planning. See City-planning. 

- Tunnets.— The First Vehicle-Tunnel under the East River, New York,” 14, 117 
(Mar.) ; ‘‘ Driving the Queens—Midtown Vehicular Tunnel, New York,” 14, 117 
(Mar.); ‘‘ Deep Main-Drainage Tunnel in the Cripple Creek District, Colorado,” 
M. I. Signer, 14, 125 (Mar.); “ Electrically-Operated Flood-Gates on the London 
Underground Railways,” 14, 406 (June). 

See also Bridges ; Construction-Methods ; Railways. 

TurRBINES, Steam.—* Some Researches on Steam-Turbine Nozzle-Efficiency ’’ (Sir 

Charles Parsons Memorial Lecture), H. L. Guy, 13, 91 (Dec.). 
“ Research on Turbine-Blade Vibration,” F. T. Hague, 14, 405 (June). ‘ 
Water.—‘‘ Experimental Study of a Pelton Jet and of the Conditions of Flow 
along the Internal Surfaces of Turbine-Blades,” A. Tenot, 18, 78 (Nov.). 
See also Power-Stations. 
Turntables.—‘‘ '70-Foot Locomotive Turntable for the London, Midland and Scottish 


Railway,” 14, 608 (Oct.). 


Valves. See Welding. 

Vehicles, Armoured-track. See Factories. 

VuntILaTIon.—‘ The Estimation of Ventilation Air-Temperatures in Deep Mines,” 
C. W. B. Jeppe, 18, 82 (Nov.); “ Mine Ventilation Research,” G. E. McElroy, 13, 
267 (Jan.); ‘‘ Dust in British Columbia Mines,” D. A. MacLeod, 13, 367 (Feb.) ; 

«Removal of Nitrous Fumes from Mine Air,” H. ©. Dod, 18, 369 (Feb.) ; ‘“ Dust- 
Count Technique in the Tri-State Mines, U.S.A.,” H. C. Chellson, 14, 264 (Apr.) ; 
« Air-Conditioning Plant at the Ooregum Mine, Kolar Gold-Field, Mysore,” J 
Spalding and T. W. Parker, 14, 264 (Apr.). 
Vibration. See Engines. 


> Water, feed-. See Boilers. 


 Water-hammer. See Hydraulics. 
Warer-Supriy.—‘ Application of Experimental Methods to the Design of Clarifiers 


— for Waterworks,’’ Robert Walton and T. D. Key, 18, 21 (Nov.). Correspondence, 14, 

485 (Oct.). 

3 * Agoressivity of Drinking Waters,” 18, 76 (Nov.); “ Bacteria from Chlori- 
— nated Waters,” 18, 77 (Nov.); “The Warrington River-Filtration Plant,” 13, 
169 (Dec.) ; “The Calculation of Infiltration,” J. Mandel, 18, 261 (Jan.); “A 
High Water-Tower of Large Capacity,” A. Potter and M. H. Klegerman, 13, 357 
(Feb.) ; “ Reaction of Heavy Doses of Chlorine in Various Waters,” A. E. Griffin, 
44, 119 (Mar.); ‘‘ Cathodic Protection on the Domestic Water-Distribution System 
at Treasure Island, San Francisco,” QC. H. Lee, 14, 404 (June) ; ‘The Source of 

_ Water derived from Wells,” C. V. Theis, 14, 604 (Oct.); “ Fractionated Coagulation,” 
R.A. Trelles, D. J. Bengolea, and A. G. Poccard, 14, 605 (Oct.). 

__— See also Irrigation ; Pipes. 

Waterworks.—Alexandria, 13, 21 (Nov.). 


Weirs. See Hydraulics. - : 
 Weipine.—‘* Welding-Electrodes,” H. W. Hiemke, 18, 79 (Nov.); “ Radiographic 


Control of Welded Joints,” F. Campus and H. Louis,” 13, 79 (Nov.) ; “ Welding 
Copper Steels,” W. Spraragen and G. E. Claussen, 18, 79 (Nov.) ; ‘A Study of 
~ Heat Effects in Welding,” W. A. Pearl, 18, 173 (Dec.) ; ‘© Reactions in Arc Welding,” 
R. D. Thomas, jun. and F. H. Rhodes, 13, 174 (Dec.); “ Simplified Precision 
Resistance-Welder Control,” F. H. Roby, 18, 174 (Dec.) ; ‘* Welding of Reinforce- 
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“ment in Concrete Construction,” M. Semet, 13, 174 (Dec.); “ Oxy-Acetylene-_ 
Welded Pipe-Joints,” C. G. Bainbridge and B. Fuchs,” 48, 174 (Dec.); “‘ The- 
Manufacture and Repair 


Application of Oxy-Acetylene Welding and Cutting to the 
of Locomotives,” ‘A, H. C. Page and G. Foster, 18, 174 (Dec.) 5 “ Welding Heavy 


—— * 


(xx) . COMBINED SUBJECT-INDEX. . Seas 


Presses,” L. J. McDonough and J. R. Henry, 13, 175 (Dec.); “‘ The Con 
Structures welded by the Oxy-Acetylene Process,” E. Henrion, 13, 264 
‘‘ The Arc-Welding and Gas-Cutting of High-Tensile Low-Alloy Structural $ 
T. B. Wilkinson and H. O’Neill, 13, 265 (Jan.) ; “* Welding in the Manufactu 
Valves for High Pressures and Temperatures,” W. F. Crawford and L. H. Carr, 
265 (Jan.); ‘‘ Welding of Rails on the Great Indian Peninsula Railway,” 
Hasan, 13, 265 (Jan.); ‘‘ Welding Tungsten Steels,’ W. Spraragen and 
Claussen, 18, 265 (Jan.); ‘‘ Burning during Welding of Mild-Steel Sheet 
Swinden and H. Sutton, 18, 363 (Feb.); Endurance Tests on Special Joints v 
Heat-Treated or Machined Welds,” H. O’Neill and F. C. Johanson, 13, 363 (Feb. 
“Welding Trackwork by the Oxy- acetylene Process on the London, Midland and 
Scottish Railway,” 14, 124 (Mar.); ‘‘ Emergency Repairs to Plant, with Special 
Reference to Welding,” Dr. S. F. Dorey, 14, 153 (Apr.) ; ‘‘ The Effect of Hydrog 
Arsenic, Titanium, and Miscellaneous Elements on the Welding of Steel,” 
Spraragen and G. E. Claussen, 14, 259 (Apr.); “‘ Short-Time Tests on Are-Wel 
Low-Carbon Steel,” N. F. Ward, 14, 259 (Apr.); ‘‘ Shear Tests of Plug and Slo 7 
Welds,” C. E. Loos and I. H. Dill, 14, 260 (Apr.). 
See also Bridges; Flame- Cutting ; ; Hard Facing. 
Wells. See Water-Supply. 
Wharves. See Docks and Harbours. 
Wheels. See Railways and Rail Transport; Road Vehicles. 
Wixpinc Macurwery.— Practical Problems in Pit Headgears,” 18, 268 (Jan.) 
“A Portable Ward-Leonard Winder for A.R.P.,” 14, 265 (Apr.); ‘‘ Winding from 
an Intermediate Level in a Vertical Shaft,” F. B. Kerridge, 14, 409 (June). 
See also Hoists; Ropes. 
pre —* The Manufacture of Wire for Use in Wire Papen A. B. Dove, 14, 124 4 
ar.). 


Zinc. See Ores. 
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